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SEDIbIENT-TRAKSPOXT A N D  STREMI FLOIY CI-NRACTERI STICS 

FOR JACOBY CREEK, CALIFORNIA 

Norman H. Pillsbury, Humboldt State College 

Arcata, California 

ABSTRACT: Sediment transport as a function of tur- 

bidity, sediment concentration, precipitation, stage height 

and discharge levels have not been investigated for Jacoby 

Creek in northern Cslifornia. Instantaneous concentration, 

discharge and precipitation measurements were collected at 

six major gaging points on Jacoby Creek. 

Precipitation data was modified to a form of the 

antecedent precipitation index. Sediment transport as a 

function of Pa (antecedent precipitation index) was poorly 

defined and generally unacceptable. A more sensitive 

approach is needed to properly account for the time lag 

involved in precipitation measurements using standard rain 

gages. 

Special consideration was made to determine the 

quantity of suspended sediment transported into Humboldt 

Bay. Here the Corps of Engineers continues its annual 

dredging program which has resulted in the excavation of 

648,570 cubic yards of sediment in the past five years at a 

cost of $689,000.  



i v  

A family  of curves  was d e r i v e d  t o  examine sediment 4 

t r a n s p o r t  a s  a  f u n c t i o n  of d i s c h a r g e .  These curves  r e p r e -  

s e n t  t h e  v a r i o u s  sampling s t a t i o n s  l o c a t e d  on t h e  main 

s t ream.  

An i n d i v i d u a l  s torm was measured t o  more c l e a r l y  

unders tand  t h e  v a r i o u s  hyd ro log i c  i n t e r r e a c t i o n s .  T o t a l  

d i s cha rges  f o r  a  s i n g l e  s torm shows t h a t  between 1280-1400 

tons  o r  730-800 cub ic  ya rds  of sediment  may be t r a n s p o r t e d  

i n t o  Humboldt Bay dur ing  a  54-hour ,  1.61" r a i n f a l l .  Dredg- 

i ng  c o s t s  f o r  t h i s  s torm t o t a l e d  $ 1 , 2 7 2 ,  based on 1971 c o s t  

e s t i m a t e s  (assuming sediment d e p o s i t i o n s  were t o  be 

d redged) .  Annual e s t i m a t e s  p r o j e c t  a  minimum of 10 t imes  

t h i s  volume, w i t h  t h e  c o s t  be ing  absorbed by t h e  t axpaye r .  

Stepwise l i n e a r  r e g r e s s i o n  computer a n a l y s i s  r e s u l t s  

i n d i c a t e  t h a t  t u r b i d i t y  p l u s  wa te r  d i s c h a r g e  i s  capab le  of 

i n c r e a s i n g  t h e  sediment t r a n s p o r t  p r e d i c t a b i l i t y  by more 

t han  8% f o r  a  sampl ing s t a t i o n  l o c a t e d  n e a r  U.S.  Highway 101 

s o u t h  of  A r c a t a ,  C a l i f o r n i a .  These two f a c t o r s  account  f o r  

S 4 %  of t h e  v a r i a n c e .  

Two s u b - u n i t s  i n  t h e  upper r eaches  of Jacoby Creek 

were examined i n  l i g h t  of  road c o n s t r u c t i o n  and t r e e  h a r v e s t  

a c t i v i t y .  The cont inuous  i n s t a b i l i t y  (mainly from l and -  

s l i d e s )  from p rev ious  logging and road  placement complete ly  

obscures  any e f f e c t s  t h a t  were measured due t o  c u r r e n t  

a c t i v i t y .  
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J u s t  above t h e  s l i d e  i s  L a s t  Fork 2 s u b -  
u n i t  (October  1971) . . . . . . . . . . . . .  95  

2 4 .  S t a n d i n g  on t h e  l a n d s l i d e  v iewed i n  Photo  2 3  
and l o o k i n g  i n t o  L a s t  Fork 1 s u b - u n i t .  
N o t i c e  t h e  s l i d e  h a s  b l o c k e d  t h e  s t r e a n ,  
f o r c i n g  i t  t o  d e t o u r .  Down c u t t i n g  on t h e  
o p p o s i t e  bank i s  a  r e s u l t  o f  t h e  d e t o u r .  
U n s t a b l e  s l o p e s  such  a s  t h e s e  s h o u l d  n o t  b e  
logged  o r  e x p e r i e n c e  r o a d  c o n s t r u c t i o n  

. . . . . . . . . . . . . . . .  ( A p r i l 1 9 7 1 )  9 6  

25.  P r i n c i p a l  c o n s t i t u e n t s  of  t h e  F r a n c i s c a n  
f o r m a t i o n  a r c  complexly f a u l t e d  s a n d s t o n e s ,  
s h a l e s ,  cong lomera te s  and m e t a s e d i m e n t a r y  
r o c k s .  Rock u n i t s  a r e  h i g h l y  f r a c t u r e d  and 

. . . . . . . . .  e a s i l y  e r o d e d  (March 1971)  9 9  



CIIAPTER I  

INTRODUCTION TO THE PROJECT 

D e t a i l e d  s t ream flow and sediment d a t a  f o r  t r i b u -  

t a r i e s  t o  Humboldt Bay on t h e  n o r t h  c o a s t  of C a l i f o r n i a  a r e  

n o t  a v a i l a b l e .  One such t r i b u t a r y ,  Jacoby Creek,  i s  

l o c a t e d  between Arca t a  and Eureka. 

This  s t udy  i s  des igned t o  i n v e s t i g a t e  t h e  "sediment 

t r a n s p o r t  and wate r  d i scharge"  r e l a t i o n s h i p  f o r  d i f f e r e n t  

sampling s t a t i o n s  a long Jacoby Creek. 

I examined t h e  p o s s i b i l i t y  of  u s ing  t u r b i d i t y  meas- 

urements t o  p r e d i c t  sediment c o n c e n t r a t i o n .  Measurement of  

a  s i n g l e  s torm i s  des igned t o  more c l e a r l y  d e f i n e  t h e  

v a r i o u s  hyd ro log i c  and meteoro log ic  i n t e r r e a c t i o n s  t h a t  

e x i s t  i n  t h e  f i e l d .  Raw d a t a  paramete rs  t h a t  I measured 

a r e  p r e c i p i t a t i o n ,  wa te r  d i s c h a r g e ,  t empera ture ,  s t a g e  

h e i g h t ,  t u r b i d i t y  and sediment c o n c e n t r a t i o n .  

Eco log ica l  e f f e c t s  on t h e  e s t u r i n e  c h a r a c t e r i s t i c s  

of t h e  Bay by p o s s i b l e  changes i n  s , ed inen t a t i on  r a t e s  (as  

compared t o  former r a t e s  under which t h e  ecosystem evolved 

and became e s t a b l i s h e d )  i s  recognized .  Furthermore,  such 

in fo rma t ion  i s  impor tan t  from an economic s t a n d p o i n t  t o  t h e  

g e n e r a l  p u b l i c  a s  w e l l  a s  t h e  r e s i d e n t s  of Humboldt County. 

Annually t h e  Corps of  Engineers  performs dredging opera -  

t i o n s  i n  Humboldt Bay. During t h e  p a s t  f i v e  f i s c a l  y e a r s  



6 4 8 , 5 7 0  c u b i c  y a r d s  of silt an(1 sediment  have b e e n  e x c a -  

v a t e d  froin t h e  Bay a t  a c o s t  of  $ 6 8 9 , 0 0 0 .  

l o s s e s  a r e  e x p e r i e n c e d  by p r o p e r t y  owners i n  t h e  Jacoby 

Creek Watershed d u r i n g  f l o o d  p e r i o d s .  Br idgcs  and r o a d s  

a r e  d e s t r o y e d ,  a g r i c u l t u r a l  l a n d  i s  h e a v i l y  damaged by 

e r o s i o n ,  s c o u r  2nd d e p o s i t i o n  of sed imen t  and  d e b r i s .  



DEFINITION OF HYDROLOGIC TERMS 

The b a s i c  hyd ro log i c  terms used i n  t h i s  r e s e a r c h  

paper  a r e  e s s e n t i a l l y  t hose  of H a r r i s  and ?Villiams (1971). 

Bedload i s  t h e  sediment t h a t  moves by s l i d i n g ,  

r o l l i n g ,  o r  sk ipp ing  on o r  very  nea r  t h e  streambed.  

Cubic f e e t  p e r  second ( c f s )  i s  t h e  r a t e  of d i s -  

charge  of a  s t ream whose channel  i s  one square  f o o t  i n  

c r o s s - s s c t i o n a l  a r e a  and whose average v e l o c i t y  i s  one f o o t  

p e r  second.  

Gaging s t a t i c n  i s  a  p a r t i c u l a r  s i t e  on a s t r eam,  

c a n a l ,  l ake  o r  r e s e r v o i r  where sys t e ina t i c  obse rva t ions  of  

gage h e i g h t  o r  d i s c h a r g e  a r e  ob t a ined .  1Vhen used i n  con- 

n e c t i o n  w i t h  a d i s c h a r g e  r e c o r d ,  t h e  term a p p i i e s  on ly  t c  

t h o s e  gaging s t a t i o n s  where a  cont inuous  r e c o r d  of 

d i s c h a r g e  i s  ob t a ined .  

Mi l l ig rams  p e r  l i t e r  (ng/l) f o r  suspended sediment  

i s  computed a s  one m i l l i o n  t imes  t he  r a t i o  of weight  of  

sediment  t o  t h e  volume of t h e  mixture  o f  v:ater and sediment .  

P r e d i c t i o n  l i m i t s  a r e  l i n e s  about  t h e  r e g r e s s i c n  

curves  f o r  a  s e l e c t e d  s i g n i f i c a n c e  l e v e l  w i t h i n  t h e . r a n g e  

of p r e v i o u s l y  exper ienced  v a l u e s .  They a r e  computed from 

t h e  equa t ion :  
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9 5 %  P r e d i c t i c n :  UL[yf + ( 1 . 9 6 )  ( S e ) <  Y< y f - ( i .  9 5 )  (Se)]LL 

Se - S t a n d a r d  E r r o r  of E s t i m a t e  

UL - Upper L i m i t  

L L  - Lower L i m i t  

Runoff i s  t h a t  p a r t  o f  t h e  p r e c i p i t a t i o n  t h a t  -- 
a p p e a r s  i n  s u r f a c e  s t r e a m s .  

Sediment  d i s c h a r g e  i s  t h e  r a t e  a t  which d r y  w e i g h t  

o f  s ed imen t  p z s s e s  a s e c t i o n  o f  a s t r e a m  o r  i s  t h e  q u a n t i t y  

o f  s e d i m e n t ,  zs measured by d r y  w e i g h t ,  o r  by volume,  t h a t  

i s  d i s c h a r g e d  i n  E g i v e n  t i m e .  

Suspended s e d i n e n t  i s  t h e  sed imen t  t h z t  a t  any 

g i v e n  t ime  i s  m a i n t a i n e d  i n  s u s p e n s i o n  by t h e  upward com- 

p o n e n t s  o f  t u r b u l e n t  c u r r e n t s  o r  t h a t  e x i s t s  i n  s u s p e n s i o n  

a s  a  c o l l o i d .  

Pounds p e r  hour  i s  t h e  q u a n t i t y  o f  a  s u b s t a n c e  i n  

s o l u t i o n  o r  s u s p e n s i o n  t h a t  p a s s e s  a s t r e a m  s e c t i o n  d u r i n g  

a  60-minute  p e r i o d .  



CHAPTER I11 

REVIEW OF SEDIFIENT AND STREMIFLOW LITERATURE 

The problems of sediment and the methods of sedi- 

ment estimation have become widely recognized in the past 

two decades. Nearly every outdoor agency is presently 

designing simple-to-elaborate measurement programs to 

obtzin sediment data. The reason for this sudden intensive 

research is well stated by J. bloore (1969), who considers 

sediment in lakes, rivers, and reservoirs very 

serious nature in terms of dollars and cents. 

Consider just two aspects of the problem. 
First, each year it is necessary to dredge some 
38 million cubic yards of silt-eroded earth from 
the nation's harbors and waterways. This dredging 
costs an estimated $125 million each year. Second 
it has been estimated that the annual reduction in 
existing reservoir storage capacity--caused by the 
inflow of silt--amounts to some $100 million. 

Considering these two factors alone, dredging 
requirements and loss of reservoir stora e space 
--sedimentation costs this nation about $225 
million annually. And this does not take into 
account the loss of invaluable top soil or the 
severe degradation of water quality caused by 
sediment. 

A reconnaissance study of the environment and 

physiographic features precedes the actual data collection. 

Nearly every author cited has shown similar format and 

style . 



A common method for studying sediment-transport 

characteristics at a sampling point is to graphically 

evaluate the relationship of sediment discharge and water 

discharge (Knott 1971; Inter--Agency Committee on Water 

Resources, Sub-committee on Sedimentation 1963; blorisawa 

1968; Bureau of Reclamation 1969; Hawley and Jones 1969). 

Estimation of sedinent transport is based on a bulk 

density factor or a unit weight/cubic foot. The Bureau of 

Reclamation used 75 pounds per cubic foot for the Pa Mong 

Reservcir, Thailand, and, in the United States, 462 samples 

were collected in 21 reservoirs from which a unit weight of 

119 pounds per cubic foot was used for the bedload fraction 

(Knott 1971). Fredriksen (1970) used 62 pounds per cubic 

foct, the approximate bulk density of fresh water. The 

South Dakota Agriculture Research Service reports 

62 lbs/ft3 for fine-textured watersheds and 81 lbs/ft3 for 

medium-textured watersheds (Bureau of Reclamation 1970). 

Water-sediment mixture collecting techniques range 

from a number of different sophisticated sediment samplers 

( Inter-Agency Committee on Water Resources 1963) to the open- 

mouthed bottle method (Fredriksen 1'970). A vast range of 

interpretations are available. In South Carolina research- 

ers (Einstein, Anderson and Johnson 1940) i-ndicate the 

suspended sediment concentration peak occurs prior to wzter 

discharge peaks for a 2-day flood runoff in August 1939. 

Boucher (1970) has determined that water discharge peaks 



precede  sediment d i s cha rge  c r e s t s  f o r  a  5-day s torm i n  + 

Boucher f u r t h e r  i n d i c a t e s  t h a t  2 2 %  of t h e  runof f  

accounts  f o r  81% of t h e  sediment d i s c h a r g e .  Other 

r e p o r t  95% of sediment d i s cha rge  may occur  i n  5 %  of t h e  

s to rm.  This  fo l lows  t h e  reason ing  of Mewlett and N u t t e r  

(1969) ,  who n o t e  t h a t  c a r r y i n g  power of wa te r  g e o m e t r i c a l l y  

i n c r e a s e s  a s  wate r  volume i n c r e a s e s .  

Other  r e s e a r c h e r s  have r e p o r t e d  t h a t  l e s s  t h a n  25% 

ment p roduc t ion  (Bureau of Reclamation 1969) I n  M i s s i s s i p p i .  

The m a j o r i t y  of  sediment p roduc t ion  i s  i n i t i a t e d  by 

man's a c t i v i t y  ( t r e e  h a r v e s t ,  road cons .cruct ion and o t h e r  

c o n s t r u c t i o n  a c t i v i t i e s )  r a t h e r  t han  n a t u r a l  i n f l u e n c e s  

(Knott 1969; F red r ik sen  1970; Kro l l  and P o r t e r f i e l d  1969; 

Boucher 1970) .  

Sediment l oads  have been shown t o  i n c r e a s e  s i g n i f i -  

c a n t l y  a f t e r  logg ing  i n  1965-1966 i n  t h e  Alsea  River  Basin .  

occurs  (Bureau o f  Reclamation 1970) .  

e r o s i o n  a r e  r e p o r t e d  t o  be major c o n t r i b u t o r s  t o  t r a n s -  

F r e d r i k s e n  (1970) .  

The use  of  t u r b i d i t y  samples t o  p r e d i c t  suspended 
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examined by t h e  U . S . G . S .  (Rrol,in a n d  Ritter 1.970; i3ureau of 

Rec lamat ion  1 9 6 9 ) .  

Scspended s e d i n e n t  - c o n c e n t r a t i o n  e s t i m a t e s  a r e  

h i s t o r i c a l l y  q u a n t i f i e d  by t o n s / d a y / s q u a r e  m i l e .  Bedload 

voluines a r e  d i f f i c u l t  t o  d e r i v e  and e s t i m a t e s  a r e  o f t e n  

made. These e s t i m a t e s  r a n g e  between 5 %  and 9 5 2  cf  t h e  s u s -  

pen.ded sedirnent  l o a d  (Hawley and J o n e s  1969 ; I n t e r - A g e n c y  

Colnmittee on Water Resources  1963) r e s p e c t i v e l y .  

:\.lost s ed imen t  t r a n s p o r t  s t u d i e s  & r e  c o n d u c t e d  on 

l a r g e  w a t e r s h e d s .  No such  s t u d i e s  have been  c a r r i e d  o u t  on 

s m z l l ,  f l a s h y  d r a i n a g e  b a s i n s  i n  n o r t h e r n  C a l i f o r n i a .  



CI-IAPTER IV 

PIIY SICAL SETTING 

Location 

Located southeast of Arcata and northeast of Eureka, 

Jacoby Creek watershed is somewhat rectangular in shape, 

the main channel being 11.1 miles long, flowing in a gen- 

eral northwesterly direction (Fig. 1). Planimeter results 

determine the area of the basin to include 17.34 square 

miles or 11,090 acres. Flowing into Humboldt Bs?. ,  the main 

channel zverages a slope of 196 feetjmile or 3.7%. 

Jacoby Creek is bounded on the north by Fickle Hill 

Road, easterly by Boynton Road, and southerly by a portion 

of Greenwood Heights Drive. Extreme elevations range from 

Boynton Prairie (2388 feet) to the creek's junction with 

Humboldt Bay at 0 feet. 

Clinate and Keather 

The middle and lower reaches of Jacoby Creek Basin 

lie in the fog belt along the north coast of California. 

The basin has a Mediterranean-type climate and is rainfall- 

deficient during the summer months. Summers are character- 

ized by long periods of mild, dry weather with infrequent 

precipitation, and winters are cool and mild. Between 

November and April approximately 90% of the annual rainfall 

9 
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* 
occurs  (Environmental Science S e r v i c e s  Admin i s t r a t i on  1969- 

1970) .  During heavy w i n t e r  s t o rms ,  snow t e m p o r a r i i y  e x i s t s  

g e n e r a l l y  above t h e  1000-foot  l e v e l .  The watershed has  a  

mean annual  p r e c i p i t a t i o n  of 60.65 i n c h e s ,  a s  determined by 

t h e  U.S. Geolog ica l  Survey 1955-1964. The d e l t a  p o r t i o n  

b e n e f i t s  from approximately  h a l f  of t h e  d i r e c t  p r e c i p i t a -  

t i o n  t h a t  f a l l s  on e l e v a t i o n s  above 1 0 0 0  f e e t .  The wa te r  

has  a  mean annual  t empera ture  c f  51.9" F .  A i r  t empera ture  

du r ing  t h e  p e r i o d  of s t udy  ranged from a  h igh  o f  72" F .  t o  

a  recorded  low of 31" F .  a t  the  U.S.  Pos t  O f f i c e  i n  Eureka,  

C a l i f o r n i a  (Environmental Sc ience  S e r v i c e s  Admin i s t r a t i on  

1969-1970). Higher e l e v a t i c n s  (above 500-900 f o o t  l e v e l s )  

r e c o r d  SO0 F .  wea ther  c o n s i s t e n t l y  on c l e a r  days .  Storms 

normal ly  move i n  from the  wes t -no r thwes t ,  b u t  do approach 

from t h e  s o u t h e a s t  and sou th  o c c a s i o n a l l y .  A l l  r e p o r t e d  

d i r e c t i o n s  of s to rm movement were observed d u r i n g  t h e  

f i e l d  measurement p e r i o d .  

Streamflow and Runoff 

Jacoby Creek y i e l d s  approximately  90% of i t s  runo f f  

du r ing  t h e  r a i n y  months o f  October through A p r i l .  The 

U.S.G.S. ope ra t ed  a  s t ream gaging s t a t i o n  du r ing  1955-1965, 

which r ece ived  runo f f  from t h e  upper  6.29 squa re  m i l e s  of 

t h e  watershed.  The average d i s cha rge  from 1955-1960 w a s  

15.6  cub ic  f e e t  ' p e r  second ( c f s )  , o r  11,290 a c r e - f e e t  per  

y e a r .  During t h e  d ry  season s t ream f low i s  ex t remely  low 



and is a l m o s t  entirely supplied by the slo\tl release of 

grocnd and b a ~ k  storage to rnaintairi a continuous floi3:. 

'Je~etation Cover 

The middle and upper sectors of the watershed is of 

the redwood forest type. Species of trees prevalent in the 

forest areas are: redwood (Sequoia -- sempervirens), 

Douglas-f ir (Pseudotsuga - -- inenziesii) , Sitka spruce (Picea -- 

sitchensis) , red alder ( i l lnus rubraj , western r2d cedsr  

(Thuja pllcata), western hexlcck (Tsugz - kt?ter:p::!.11a], 

and willows (Salix spp . ) .  Understory species include 

evergreen huckleberry (Vacciniuc~ ovatum) : szlal (Gzultherla. - 

shallon), Pacific rhododendron (Xhodcdendroii nlac:-ophyllurn) , 

blue blossom (Cezncthus thrysiflorus), saimonberry (Rubus 

spectabilis) , and six species of ferns : sword [Folys tichun 

mu~itun), lady (Athyrium felis-femina), - five-finger 

(Adiantum peda tum) ,  Zeer (Struthictteris - A- soicant), leather- 

leaf (Polypodium - scouleri) , and bracken (Fteridium aquili- 
/ 

num - var. lanuginosur). See Photo 1. 

The laxer portion of this drainage unit consists of 

grassland with woody streamside vegetation. 



Photo  1. blany s p e c i e s  of  f e r n s  a r e  foznd  a d j a -  
c e n t  t o  t h i s  t r i b u t a r y  o f  Jacoby  Creek (Februa ry  
1 9 7 1 ) .  

Geology and S o i l  C h a r a c t e r i s t i c s  

Johnson  (1969) d e s c r i b e s  t h e  geology and s o i l  

c h a r a c t e r i s t i c s  o f  Jacoby  Creek \ \ r a t e r s h e d  a s  f o l l o w s :  

The pri:r,al-y g e o l o g i c  f o r m a t i o n  found i n  t h e  
u p p e r  t i O c o - t h i r d s  c f  t h e  w a t e r s h e d ,  t h e  p a s t  w i t h  
which t h i s  r e F o r t  d e a l s ,  i s  t h e  F r a n c i s c a n  
Formzition. 

The F r a n c i s c a n  f o r m a t i o n  i s  a e u g n o s y n c l i n a l  
a c c u n u l a t i o n  ~ f  d e t r i t a i  s ed i rqen ta ry  r o c k s ,  chemi-  
c a l  s e d i m e n t a r y  r o c k s ,  and v o l c a n i c  r o c k s .  These 
i n c l u d e  m z i n l y  , mass ive  grsywacke and minor  amounts 
of p l a t y ,  3 a r k - g r e y  s h a l e ,  thi11 beddcd c h e r t ,  
g r e e n s t o n e  \,-here u n d i f f e r e n t i a t e d ,  and minor  
a n o u n t s  of  glzi icophcne s c h i s t .  G e n e ~ a l l y  t h e  r o c k s  
of  t h e  F r a n c i s c a n  f o r m a t i o n  a r e  s h e a r e d ,  deformed,  
and d i s l o c a t e d ,  and a r e  i n t r u d e d  w i d e l y  by m a f i c  
and u l t r a r n a f i c  r o c k s .  The F r a n c i s c s n  f o r m a t i o n  i s  
o f t e n  c h a r a c t e r i z e d  by s h e a r  zones .  These zones 



c o l l e c t  w a t e r  and have numerous s lumps and s l i p s .  
For t h i s  r e z s o n ,  nuch of  t l ie  F r a n c i s c a n  f o r m a t i o n  
i s  c o n s i d e r e d  a  poor  f o r m a t i o n  f o r  r o a d - b u i l d i n g .  

The p r i n a r y  s o i l s  found i n  t h e  \ c a t e r s h e d  a r e  
t h e  A r r ~ e l l  ( 8 2 3 ) ,  Hugo ( 8 1 2 ) ,  bielbourne (S14) ,  and 
t h e  Larabee  (914)  s o i l  s e r i e s .  The i? t rce l l  and 
fIugo s e r i e s  a r e  t h e  p r i n a r y  s o i l s  found a l o n g  t h e  
c r e e k  a r e a s  and i n  s e c t i o n s  of  t h e  w a t e r s h e d  where 
r o a d s  a r e  l o c a t e d .  The A t w e l l  s o i l  i s  d a r k  g r a y i s h  
brown t o  p a l e  brown on t h e  s u r f a c e .  I t  i s  composed 
o f  c l a y  loam and g r a v e l l y  c l a y  loam w i t h  t h e  p a r e n t  
s a t e r i a l  b e i n g  s a n d s t o n e  and s h a l e .  The topography  
and s l o p e  c l a s s e s  found i n  t h e  ~ i z t e r s h e d  a r e  h i l l y  
t o  v e r y  s t e e p .  F e r n e a b i l i t y  o f  t h i s  s e r i e s  i s  slo'ti 
and t h e  g e n e r a l  d r a i n a g e  i s  i m p e r f e c t .  E r o s i o n  
h a z a r d  i s  c o n s i d e r e d  t o  be modera te .  T h i s  s e r i e s  
i s  \-ery p z o r  f o r  r o z d  b u i l d i n g ,  usu .a l ly  c o n s i d e r e d  
t o  b e  s l i d e  p r o n e  even b e f o r e  l o g g i n g .  

The Hugo s e r i e s  i s  composed of  Loam and g r a v -  
e l l y  c l a y  loam. The s o i l  d e p t h  r a n g e  i s  be tween 
30 - 6 0  f e e t  w i t h  t h e  p a r e n t  m a t e r i a l  b e i n g  s a n d -  
s t o n e  and s h a l e .  S l o p e s  r a n g e  from 30 t o  7 0 % .  
P e r n e a b i l i t y  i s  moaera te  and d r a i n a g e  i s  good. 
E s t i m a t e d  u s e s  of t h e  s o i l  f o r  t i m b e r  p r o d u c t i o n  
a r e  h i g h  t o  v e r y  h i g h  rtri th e r o s i o n  h a z a r d  b e i n g  
modera te .  

The d e p t h  r a n g e  of  t h e  Larabee  s o i l  s e r i e s  i s  
40 t o  70 f e e t . '  T e x t u r e  of t h e  s u r f a c e  i s  loam w i t h  
s u b s o i l  composed of c l a y  loam. P a r e n t  m a t e r i a l  is  
s o f t  s e d i m e n t a r y  r o c k .  S l c p e s  o f  t h i s  s o i l  i n  t h e  
~ ~ a t e r s h e d  r a n g e  from l e s s  t h a n  30 t o  7 0 5 .  Permea- 
b i l i t y  i s  modera te  w i t h  g e n e r a l  d r a i n e g e  b e i n g  
good.  E r o s i o n  h a z a r d  of  t h i s  s o i l  s e r i e s  i s  h i g h .  

Boomer (7118) , Kinman (855) , Nendocino ( 9 1 5 ) ,  
Yorkxr i l le  ( 7 5 2 ) ,  and Or ick  ( 8 1 3 ) ,  s o i l  s e r i e s  a r e  
a l s o  p r e s e n t  b u t  o n l y  i n  v e r y  l o c a l  a r e a s  and a r e  
n o t  o f  much s i g n i f i c a n c e  t o  t h e  w a t e r s h e d  as a 
whole .  

D r a i n a g e  B a s i n  C h a r a c t e r i s t i c s  

A d e n d r i t i c  d r a i n a g e  p a t t e r n  i s  c h a r a c t e r i s t i c  of  

t h i s  w a t e r s h e d .  The upper  s t r e t c h e s  of  t h e  b a s i n  c o n s i s t  

of  e x t r e m e l y  s t e e p  s l o p e s ,  many between 6 0 %  and 8 5 %  f o r  

hundreds  o f  f e e t .  The s t e e p  s t r e a m  g r a d i e n t  p r e v a l e n t  i n  

t h i s  a r e a ,  c o u p l e d  w i t h  p r e c i p i t o u s  s i d e  s l o p e s ,  i n d u c e  a 

h i g h  amount o f  down-cu t t ing  commonly found t h r o u g h o u t  t h e  



upper t w o - t h i r d s  of  t h e  main s t ream channe l .  D e s t r u c t i o n  ' 

due t o  slumping and s l i d i n g  occurs  a f t e r  every  major s torm.  

Sediment loads  a r e  moderate t o  heavy i n  t h e s e  a r e a s .  Basin 

c h a r a c t e r i s t i c s  a r e  summarized i n  Table  1 below. 

TABLE 1 

blinimum e l e v a t i o n  
biaxinun e l e v a t i o n  and t o t a l  r e l i e f  
bIean e l e v a t i o n  by a r e a  
Fledian e l e v a t i o n  5y a r e a  
Basin a l t i t u d e  index  
blain channel  s l o p e  index 

i n  f e e t  
i n  p e r c e n t  

biean s l o p e  of main channel  
i n  f e e t  
i n  p e r c e n t  

Drainage d e n s i t y  

Compactness c o e f f i c i e n t  
Mean s l o p e  of watershed 

0 0 0 0  f e e t  s e a  l e v e l  
2388 f e e t  
1134,3 f e e t  
1145 
620 

196 ' /mi l e  
3 . 7 %  
1 . 7 4  m i l e s  of s t ream 

p e r  squa re  mi l e  
1 . 8 7 5  

Stream P r o f i l e  

Stream p r o f i l e  f o r  t he  main channel  and s i d e  t r i b u -  

t a r i e s  a r e  found on F igu re s  2 and 3. 

Land Use 

Ra i l road  logging of t h i s  d r z inage  u n i t  f i r s t  t cok  

p l a c e  a t  t h e  t u r n  of  t h e  cen tury .  I n t e n s i v e  logg ing  from 

1964 (which i s  p r e s e n t l y  con t inu ing )  ha s  occu r r ed  i n  t h e  

upper r eaches  o f  Jacoby Creek watershed (Photo 2 ) .  C a t e r -  

p i l l a r  logging on s l o p e s  of  30% and g r e a t e r  i s  commonly 

s een .  Highlead logging  i s  only  performed on t h e  s t e e p e s t  

s l o p e s .  D i r t  dams have been c o n s t r u c t e d  i n  s e v e r a l  p l a c e s ,  



FIGURE 2 .  Stream P r o f i l e ,  Jacoby Creek,  California. 



FIGURE 3. Subwatershed Stream Profiles 
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w i t h  l o g s  b e i n g  z s e d  f o r  s u p p o r t .  I . )ebris  which h a s  f e l l o n  

o r  s l i d  i n t o  t h e  sf-reams has  nc t  been  removed. 71.1 s,3-.reral 

a r e a s  mzss ive  r o a d  s l i d e s  have b l o c k e d  t h e  main s t r e a m  f o r  

hundreds  o f  f e e t ,  f o r c i n g  t h e  w a t e r  t o  r i s e  and go around 

Fho to  2 .  Log and e a r t h  b r i d g e  l o c a -  
t i o n  a t  t h e  mouth of  L a s t  Fork l 
s u b w a t e r s h e d .  P i c t u r e  compar i son  
t o  a  s i m i l a r  p h o t o g r a p h  t a k e n  i n  
1 9 6 9  by K i l l i a m  Jchnson shows no  
h i n t  of  s l o p e  s t a b i l i t y  o r  i n c r e a s e  
i n  v e g e t a t i o n  c o v e r  ( A p r i l  1 9 7 1 ) .  
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t h e  o b s t r u c t i o n  (Photo 3 )  . Landings a r e  l o c a t e d  ad j  a c e n t  

t o  t h e  s t ream (Photos 4 and 5 ) .  Logging roads  and s k i d  

t r a i l s  a r e  found on s l o p e s  between 10-30% and up t o  40%,  

r e s p e c t i v e l y  (Photo 2 ) .  Side s l o p e s  i n  much of t h i s  logged 

a r e a  a r e  6 5 - 8 5 % .  Informat ion concerning logging  r e s p o n s i -  

b i l i t i e s  can be ob t a ined  from t h e  C a l i f o r n i a  S t a t e  g i v i s i o n  

of F o r e s t r y  i n  For tuna ,  where a l l  logg ing  pe rmi t s  a re  f i l e d .  

A c o n t r a c t i n g  f i r m  has  excava ted  rock from a q u a r r y  

j u s t  below t h e  U.S.G.S. gaging s t a t i o n .  Apparent ly  one 

s i d e  o f  t h e  road (between t h e  qua r ry  and t h e  s t ream)  caved 

i n  and s l i d  i n t o  t h e  main channe l .  F i l l  ( c o n s i s t i n g  of  

mud and rock)  from t h e  qua r ry  was used  t o  r e - e s t a b l i s h  t h e  

bank. P r e s e n t l y  t h e r e  i s  a 200 - foo t - l ong ,  70-foot-wide 

l a y e r  of mud and rock s t r e t c h i n g  between t h e  road and 

main s t r eam (Photo 6 ) .  Th is  l a y e r  ranges  from 4 t o  10 f e e t  

i n  dep th .  A s  t h e  main channel  washes t h e  lcwer a r e a s  away, 

slumping and s l i p p a g e  occu r ,  b r i n g i n g  down t h i s  "never 

ending" supply  t o  t h e  s t ream.  R i v u l e t s  cascad ing  down t o  

t h e  c r e e k  a r e  laden w i t h  sediment du r ing  heavy r a i n s .  

Ana lys i s  i n d i c a t e s  t h a t  over  2000 mg/l of  sediment-water  

c o n c e n t r a t i o n s  a r e  c a r r i e d  down t o  Jacoby Creek t o  mix w i t h  

t h e  watgr  du r ing  a  1 .51- inch  s torm.  Samples were c o l l e c t e d  

bo th  upst ream and downstream from t h i s  s l i d e  a r e a .  Only a 

sma l l  number of samples were c o l l e c t e d  from t h i s  l o c a t i o n .  

No s t a t i s t i c a l  d a t a  could  be d e r i v e d ,  y e t  t h e s e  s imple  

measurements sugges t  a  problem a r e a  t h a t  needs t o  b e  

i n v e s t i g a t e d  i n  d e t a i l .  

). . 



L i t t l e  o r  no g r s z i n g  e x i s t s  on t h e  r i d g e  t o 2 s  of 

t h e  a r e a  i n  t h i s  w a t e r s h e d .  E x t e n s i v e  g r a z i n g  i s  conduc ted  

on t h e  a l l u v i a l  f l o o d  p l a i n s  e a s t  of ilighway 101 .  No 

s e d i m e n t a t i o n  obse rved  can  be a t t r i b u t e d  t o  t h i s  a c t i v i t y .  

The h o u s i n g  " c o n s t r u c t i o n - p a t t e r n "  a s  d o c u m e ~ t e d  by 

F i g u r e  i and Photo  1 7  i s  c o n f i n e d  t o  t h e  lower a l l u v i a l  

a r e a s ,  e s p e c i a l l y  i n  o r  n e a r  t h e  comrnunity cE Bays ide .  

However, a fe-r\i s c a t t e r e d  d w e l l i n g s  s t r e t c h  up t h e  s t r e a m ,  

and  a h a n d f u l  a r e  l o c a t e d  around t h e  b a s i n  p e r i m 2 t e r .  

Throughout  t h e  f o r e s t e d  s e c t i o n s ,  a  broken owner- 

s h i p  p a t t e r n  i s  n c t e d ,  w i t h  t h e  m a j o r i t y  of  a r e a  i n  t h e  

hands  o f  a  number of  p r i v a t e  l a n d  owners .  S m a l l e r  a r e a s  

a r e  owned by t h e  C i t y  o f  A r c a t a .  



Photo 3 .  T h i s  l o n g - t i m e  l o g  janl 
shows y e s t e r d a y ' s  l o g g i n g  d e b r i s .  
Note t h e  U.S.G.S. g a g i n g  s t a t i o n  
a t  t o p  (Elarch 1 9 7 1 ) .  

P l ~ o t o  4 .  A l o g  l a n d i n g  a d j a c e n t  
t o  t h e  main s t r e a m  i s  a p r imary  
p r o d u c e r  o f  sed imen t  as documented 
above (March 1 9 7 1 ) .  



P h o t o  5 .  An e n l a r g e d  s e c t i o r  o f  t h e  p r e v i o u s  
? t o t o  shov;s t h e  n i x i n g  o f  s e d i m e n t  i n t o  J a c o b y  
Creek  f rom t h e  l o g g i n g  l a n d i n g  (Tilarch 1 9 7 1 ) .  

P h o t o  6 .  A m a s s i v e  r o c k  and  mud s l i d e  f e e d s  
d i r e c t l y  i n t o  J a c o b y  C r e e k .  Xo te  t h e  mud l i n e  on 
t h e  redwood t r e e s .  A r i v u l e t  i n  t h i s  s t r e t c h  c a r -  
r i e d  more t h a n  2 0 0 0  nlk/l o f  suspended .  s e d i m e n t  
i n t o  t h e  main c h a n n e l  ($ larch 1 9 7 1 ) .  



CHAPTER V 

DESIGN AND METHOD OF STUDY 

Ten storms totaling a period of 40 days and 40 

nights occurred during a 14-week period. The collected 

data were sufficient to produce the necessary range of data 

and generate an accurate confidence level of analysis. 

Actual field work commenced January 12, ending 

May 3, 1971. This time allowed 20 separate periods of data 

collection for a total of 211 sediment samples. 

Description of Sampling Stations 

Twelve original points were chosen from which to 

gather data. These sampling stations (Figure 1 and Table 2A) 

were selected with respect to topography, accessibility and 

land utilization immediately upstream as well as throughout 

the subwatershed unit from this point. The sampling program 

was not specifically designed to pin-point areas of high- 

sediment productivity, but rather to show change due to 

large land use regions and physiographic conditions. 

Six of the original sampling points were selected 

for intensive survey. A brief description and discussion 

of each is tabled below. Accessibility, uniformity of 

stream bottom and physical setting were all major considera- 

tions used to determine the location of each sampling point. 

2 3  



E x p l a n a t i o n  o f  d a t a  symbols  a r e :  w a t e r  d i s c h a r g e  I?), 

t e m p e r a t u r e  i n  d e g r e e s  F a h r e n h e i t  (1': , suspended  s e d i m e n t  

sample  (SSS;, p r e c i p i t a t i o ~ l  wit:? t h e  s t a n d a r d  r a i n  gage  

(PPT) , and s t a g e  h e i g h t  (SH) . 

TA.ELE 2A 

SAFIPLING STATION DESCRIPTION 

L a s t  Fork 1: NIt!,/4, Sif/4, S e c t i o n  3 2 ,  TSN, RZE, 
HEM. ~ e a s u r e m g ~ t  a t  t h i s  p o i n t  ( P h o t o  7 )  w i l l  
include 1 .03  square  mi les  ;f subWa~erstleh above 
t h i s  s t a t i c n .  T h i s  f i x g e r  j o i n s  L a s t  Fork 2 
a p p r o x i m a t e l y  2 0 0  ! downstream. Q, T ,  SSS, PPT. 

L a s t  Fork 2 :  NW/4, S1J/4, S e c t i o n  3 2 ,  T S N ,  R2E, 
I-IS!I. ?.ieasurement a t  t h i s  p o i n t  w i l l  i n c l u d e  0 . 7 8  
square m i l e s  o f  d r a i n a g e .  Q ,  T ,  SSS, PPT. 

L a s t  B r i d g e :  NE/4, NE/4, S e c t i o n  3 1 ,  TSN, RZE, 
HBM. T h i s  s t a t i o n  i s  l o c a t e d  a  s h o r t  d i s t a n c e  down- 
s t r e a m  from t h e  j u n c t i o n  o f  t h e  r a i n  c h a n n e l  (L.F.  
1 6, 2 )  and  t h e  L a s t  B r i d g e  A f i n g e r .  Q ,  T ,  SSS. 

Gaging S t a t i o n :  -- SW/4, N1$/4,  S e c t i o n  5 0 ,  TSN, 
R Z E ,  HBhI. A V - n o t c h  w e i r  was c o n s t r u c t e d  i n  1955 
by t h e  U.S.G.S. A l s o  a  g a g i n g  s t a t i o n  w 2 s  e r e c t e d  
(Pho to  8 3 .  A l though  i n  d i s u s e ,  Hurnbclclt S t a t e  
C o l l z g e  s t u d e n t s  were  a b l e  t o  k e e p  t h e  w e i r  a r e a  
u n d e r  g e n e r a l  m a i n t e n a n c e  d u r i n g  che  s a m p l i n g  
p e r i o d .  Q ,  SSS, T ,  P P T ,  SH. 

M o r r i s o n  Gulch :  -- NE/4, NW/4, S e c t i o n  1 4 ,  TSN, 
R l E ,  HBN.  T h i s  t r i b u t a r y  t o  t h e  main  s t r e a m  is  
t h e  o n l y  one f o r  which  d i s c h a r g e  l e v e l s  were  meas-  
u r e d .  The p o i n t  o f  measurement  ( a t  t h e  j u n c t i o n  
o f  K i r k p a t r i c k - Q u a r r y  Road and  b l o r r i s o n  Gulch  ( M .  
Gulch) c~nlmands a  1 . 0 0  s q u a r e  m i l e  a r e a  e x t e n d i n g  
t o  t h e  w a t e r s h e d  bounda ry .  Q ,  SSS, T .  

H i  gk~yay 10 1 : N W / 4 ,  SW/4, S e c t i o n  4 ,  TSN, R l E ,  
HBN. T I S  p o i n t  (Pho to  9 )  p r o v i d e s  measurement  o f  
f i n a l  d i s c h a r g e  l e v e l  and  s e d i m e n t  l o a d  f o r  J a c o b y  
Creek  h 'a te rshed  b e f o r e  d i s c h a r g i n g  i n t o  Humboldt 
Bay. Q ,  SSS, T, PPT.  
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The remain ing  s t a t i o n s  were e s t a b l i s h e d  f o r  v a r i o u s  * 

s p e c . i f i c  purposes  and a r e  d e s c r i b e d  i n  t h e  append ix .  

Water Discharge  Measurement -- 
Once t h e  s t a t i o n  l o c a t i o n  was d e t e r m i n e d ,  a  c o r r u -  

g a t e d  m e t a l  s t a k e  was d r i v e n  i n t o  t h e  o p p o s i t e  bank.  A 

t w o - f o l d  p u r p o s e ,  t h a t  of permanent  l o c a t i o n  and of  a t t a c h -  

ment of c l o t h  t a p e  f ~ r  w i d t h  measurement ,  was e f f e c t e d .  

F u r t h e r ,  t h e  s t a k e  l o c a t i o n  i n s u r e d  e x a c t  d u p l i c a t i o n  of  

p o s i t i o n  d u r i n g  t h e  sampl ing  sequence .  

Cross  s e c t i o n  measur ing  p o i n t s  a c r o s s  t h e  w i d t h  of  

t h e  s t r e a m  were made every  3.0 f e e t  from s h o r e  t o  s h o r e .  A 



Pho to  S .  The U.S .G.S .  Gaging 
S t a t i o n  o f f e r e d  a n  e x c e l l e n t  
s a m p l i n g  p o i n t  (March 1 9 7 1 ) .  

Photo 9 .  Looking s o u t h  a t  t h e  
Highway 1 0 1  s a m p l i n g  s t a t i o n  
on Jacoby  Creek  (March 1 9 7 1 ) .  



P h c t o  1 0 .  The wading r o d ,  f i n  and p r o p e l l e r  o f  
t h e  c u r r e n t  m e t e r  i n  J acoby  Creek a r e  needed t o  
d e t e r m i n e  t h e  volume of w a t e r  d i s c h a r g e  in c u b i c  
f e e t  p e r  second ( A p r i l  1 9 7 1 ) .  

c l o t h  t a p e  was s t r u n g  between two s t a k e s  t o  f a c i l i t a t e  t h i s  

p r o c e d u r e .  A t  e a c h  3 . 0 - f o o t  i n t e r v a l ,  t h e  d e p t h  and  r e v c -  

l u t i o n s  p e r  second were d e t e r m i n e d  w i t h  t h e  P r i c e  C u r r e n t  

bfe ter .  C u r r e n t  b!eter # 8 2 2  (Photo  10)  was u t i l i z e d  t o  

g a t h e r  d a t a  needed t o  c a l c u l a t e  w a t e r  d i s c h a r g e  i n  c u b i c  

f e e t  p e r  second  ( c f s j .  Depth was a s c e r t a i n e d  v i a  d i r e c t  

r e a d i n g s  a s  measured \ j r i th  t h e  wading r o d .  I t  i s  marked i n t o  

t e n t h s  o f  f e e t ,  w i t h  d e p t h  e s t i m a t i o n  t o  t h e  n e a r e s t  h a l f  

t e n t h  ( 0 . 0 5 ' ) .  Speed of flow was r e a d  from t h e  t a b u l a r  

v a l u e s  based  on t h e  number of  s e c o n d s / r e v o l u t i o n  o f  t h e  

p r o p e l l e r .  As t h e  p r o p e l l e r  r e v o l v e s  i t  b r e a k s  t h e  c o n t a c t  

which i s  m a i n t a i n e d  w i t h  a  s m a l l  p o c k e t  b a t t e r y .  A s e t  o f  
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headphones i s  p r o v i d e d  f o r  e x a c t  c o u n t  o f  t h e  r e v o l u t i o n s  

( " c l i c k s " ) .  E f f e c t i v e  f o r  s low f l o w s  was t h e  l - c l i c k - p e r -  

r e v o l u t i o n ,  w h i l e  h i g h  v e l o c i t y  f l o w s  were more e a s i l y  

measured w i t h  t h e  w i r e  f a s t e n e d  t o  t h e  1 - c l i c k - p e r - 5 - r e v o -  

l u t i o n s  t e r m i n a l .  A s t o p  watch  i s  used  t o  r e c o r d  t i m e  t o  

1 - s e c o n d  p r e c i s i o n .  

Area i n  s q u a r e  f e e t  of  e a c h  measur ing  p o i n t  w a s  

c a l c u l a t e d  a s  a  p r o d u c t  o f  w i d t h  and  d e p t h  ( F i g u r e  4 ) .  

V e l o c i t y  i n  f e e t  p e r  second  t i m e s  a r e a  i n  s q u a r e  f e e t  p r o -  

duced w a t e r  d i s c h a r g e  i n  c f s .  A 2 %  r e d u c t i o n  o f  o b t a i n e d  

v a l u e s  i s  n e c e s s a r y  when u s i n g  t h e  wading r o d .  A t h e o r e t i -  

c a l  f l o w  c h a r t  i s  i l l u s t r a t e d  on page  29  showing t h e  n e c e s -  

s a r y  c o m p u t a t i o n s .  T a b u l a t i o n  o f  w a t e r  d i s c h a r g e  volumes 

i s  l i s t e d  i n  t h e  append ix .  

D i s a d v a n t a g e s  

The P r i c e  C u r r e n t  Meter  comes equ ipped  w i t h  a  t a i l  

f i n  needed t o  s t a b i l i z e  t h e  r o d  and p r o p e l l e r  d u r i n g  r a p i d  

f l o w s .  However, i n  s h a l l o w  w a t e r  t h e  f i n  h i t s  t h e  bo t tom,  

c a u s i n g  t h e  wading r o d  t o  b e  t i l t e d ,  t h rowing  a  p o s s i b l e  

e r r o r  i n t o  t h e  r e a d i n g s .  Removing t h e  f i n  h e l p s  d u r i n g  

s low f l o w s ,  b u t  f a s t  low f lows  remain  a problem.  

High t u r b u l e n t  f lows  c r e a t e  a  v a s t  amount of d r a g  

on t h e  o p e r a t o r ,  r e p r e s e n t i n g  a c e r t a i n  amount of  d a n g e r .  

Doubled r e a d i n g s  f o r  checks  were n o t  o b t a i n e d  u n d e r  t h e s e  

ex t r eme  c o n d i t i o n s .  





Weather Data C o l l e c t i o n  and hleasurement 

The t h r e e  s ~ a n d a r d  r a i n  gages  spaced  a l o n g  Jacoby  

C r e e k ' s  main c h a n n e l  (Photo  11)  were u s e d  t o  c a l i b r a t e  

s t o r m  a c t i v i t y  a s  r e c o r d e d  a t  more e l a b o r a t e  w e a t h e r  

s t a t i o n s  b e i n g  o p e r a t e d  a t  Eureka  P o s t  O f f i c e  and Mumboldt 

Photo  11. Humboldt S t a t e  C o l l e g e  
s t a n d a r d  r a i n  gage l o c a t e d  n e a r  
L a s t  Forks  1 and 2 .  A c t u a l  d i s t a  
away from l o g s  a l l o w s  f o r  p r o p e r  
r a i n  c o l l e c t i o n  ( J a n u a r y  1 9 7 1 ) .  

S t a t e  C o l l e g e  ( f o r e s t r y  b u i l d i n g ) .  Storm d a t a  

s t a n d a r d  r a i n  gage l o c a t i o n s  were c a l i b r a t e d  a  

f o r  t h e  t h r e e  

s f o l l o w s .  
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Highway 101: Standard r a i n  gagz ,  Eureka and Hum- 

b o l d t  S t a t e  Col lege weather d a t a  were weight.ed 5 . 0 ,  2 . 2 8  

and 1 . 0 ,  r e s p e c t i v e l y .  The weighted va lues  were determined 

d i r e c t l y  a s  a  f u n c t i o n  of h o r i z o n t a l  d i s t a n c e  i n  mi l e s  t o  

t h e  Jacoby Creek measuring s t a t i o n .  

The theory  of an tecedent  p r e c i p i t a t i o n  was used  t o  

a d j u s t  t h e  a v a i l a b l e  d a t a .  A s i n g l e  s torm w i l l  produce a  

c e r t a i n  q u a n t i t y  o f  r u n o f f .  However, i f  r a i n y  weather  has  

preceded t h i s  s to rm,  ground s a t u r a t i o n  may be nea r  c a p a c i t y ,  

sma l l  r e s e r v o i r s  may be f u l l ,  and p o t e n t i a l  e v a p o t r a n s p i r a -  

t i o n  w i l l  be low. Under t h e s e  c o n d i t i o n s ,  r e s u l t i n g  runo f f  

w i l l  be  boos ted  by an  unknown amount, and t h e  s to rm w i l l  

c e r t a i n l y  produce a  l a r g e r  q u a n t i t y .  To examine Q as a  

dependent f u n c t i o n  of p r e c i p i t a t i o n  f o r  t h e  d u r a t i o n  of t h e  
I 

./ 

t o t a l  s torm r e q u i r e s  an e s t i m a t e  of  p r ev ious  r a i n f a l l .  

Th is  e s t i m a t e  may be ob ta ined  w i t h  t h e  use  of  t h e  an t eced -  

e n t  p r e c i p i t a t i o n  index .  Th i s -  index  i n c l u d e s  a  p r o p o r t i o n -  

a t e  p a r t  of p r ev ious  p r e c i p i t a t i o n  d i v i d e d  by t h e  l e n g t h  of  

t ime t h a t  has  passed  s i n c e  t h e  r a i n ,  i n  a d d i t i o n  t o  t h e  

d a i l y  r a i n f a l l .  I t  i s  computed by Formula I .  

Formula I :  Pa = bPt where b  = 1 t' 
t = t ime i n  days ,  

P = p r e c i p i t a t i o n ,  and 

Pa = an teceden t  
p r e c i p i t a t i o n .  



Pa = 0 . 5 6 "  The n e ~ c l y  e x p e c t e d  r a i n f a l l  

1 i s  b o o s t e d  by t h i s  amount.  - (4)  means t h a t  a  4" 
10 

r a i n  o c c u r r e d  10 days ago .  

S i n c e  t h e  w e a t h e r  d a t a  f o r  Eureka  i s  t a b u l a t e d  by 

t h e  h o u r ,  t h i s  h o u r l y  anoun t  was used  t o  p r o r a t e  t h e  p r e -  

c i p i t a t i o n  f o r  a l l  s t a n d a r d  r a i n  gage p o i n t s .  The f o l l o w -  

i n g  p r o c e d u r e  was u s e d :  A c o r r e c t i o n  f a c t o r  ( q u o t i e n t  o f :  

sum of w e i g h t e d  v a l u e  of e a c h  s t a n d a r d  r a i n  gage  s t a t i o n  

and sum of Eureka  d a t a )  was u s e d  t o  a d j u s t  t h e  Pa ( a n t e c e d -  

e n t  p r e c i p i t a t l c n  i n d e x )  o b t a i n e d  from t h e  Eureka  w e a t h e r  

d a t a  breakdown. 

Pa f o r  gag ing  s t a t i o n  and L . F .  1 and 2 ( b o t h  r a i n  

c o l l e c t i n g  p o i n t s )  was d e t e r m i n e d  by a s i m i l a r  p r o c e s s ,  t h e  

one d i s c r e p a n c y  b e i n g  t h e  t i m e  l a g .  K O  t ime  l a g  e x i s t e d  a t  

Highway 1 0 1 ,  because  t h e  d z t a  u s e d  from Eureka were  f o r  t h e  
4 

same hour  as  t h e  sample  t a k e n  a t  Highway 101.  However, 

t h i s  i s  n o t  t r u e  f o r  t h z  o t h e r  s t a n d a r d  r a i n  gage  c o l l e c t -  

i n g  p o i n t s .  The p r e c i p i t a t i o n  a t  t h o s e  p o i n t s  i s  p r o r a t e d  

t o  t h e  t ime  a t  whic:l t h e  Iiighway 1 0 1  measurement was made 

by t h e  f o l l o w i n g  p r c c e s s .  A c c u r a t e  t ime  measurements  were 

marked a t  e v e r y  s t a t i o n .  

Sum of g a g i n g  s t a t i o n  r a i n f a l l  = 11.87" 
Sum o f '  Eureka r a i n f a l l  d a t a  = 6 . 8 5 "  

t h e r e f o r e  : 

Unad jus ted  c o r r e c t i o n  f a c t o r :  1 1 - 8 7 "  = 1 - 7 3  f o r  
6 . 8 5 "  g a g i n g  s t a t i o n .  



3 3  

Tine l a g  d e t e r m i n a t i o n :  The r e a l  amount of  r a i n -  

f a l l  a t  5:50 p.m. ( t h e  t ime of  measurement a t  Highway 101) 

i s  unknown f o r  gaging s t a t i o n ,  s i n c e  t he  measurement a t  

t h i s  s t a t i o n  was 5:05 p.m. For each  measurement t h e  t ime  

sample a t  gaging s t a t i o n  and t ime used  from t h e  Eureka 

d a t a )  was de te rmined ,  and t h e  wea the r  d a t a  a t  Eureka were 

checked t o  de te rmine  t h e  r e s u l t i n g  d i f f e r e n c e  i n  p r e c i p i t a -  

t i o n  on an  h o u r l y  b a s i s .  k r a i n f a l l  e q u i v a l e n t  based  on 

t ime l a g  (perhaps  S e t t e r  d e s c r i b e d  a s  a  r a i n  l a g )  between 

t h e s e  two p o i n t s  can be ca l cu l a t ec l  by Formula 11. 

Formula 11: 

Sum of PPT a t  gage s t a .  -Sum of Eureka PPT 
Sum (Highway 101  t ime -Gage s t a .  t i m e ,  hour 6 minute )  

Example : 11*87't - 6 * 8 5 1 1  
= +0.317 o r  + O .  32" average  r a i n  l a g .  15.82 h r .  

Again l e t ' m e  r e i t e r a t e  t h a t  t h i s  r a i n  l a g  w i l l  be a  

p o s i t i v e  v a l u e ,  s i n c e  t h e  amount of  PPT a t  gage s t a t i o n  a t  

5:50 p.m. i s  t o  be  determined and t h e  t ime  of measurement 

was a t  5:05 p.m. To complete  t h e  c o r r e c t i o n  p r o c e s s :  

(1 .73)  (0.32" = 0.56" added t o  t h e  sum of  Gage 

S t a .  PPT (11.87" + 0.56" = 1 2  .4311). Repeat  t h e  

c o r r e c t i o n  f a c t o r  p r o c e s s  u n t i l  no f u r t h e r  change 

occu r s  : 

l2  *43" = 1 .82  temporary  c o r r e c t i o n  f a c t o r . '  
6.85" 

(1.82) (0.32") = 0.58". (11.87" + 0.58" = 12.45") .  . 

- ~ 



1 2 . 4 5 "  = 1 . 8 2  There  i s  no change from t h e  m 
t e n p o r a r y  c o r r e c t i o n  f a c t o r ;  t h e r e f o r e  1 . 8 2  i s  t h e  

new and a d j u s t e d  c o r r e c t i o n  f a c t o r  used  t o  modify 

t h e  Highway 1 0 1  Pa t o  r e p r e s e n t  Pa a t  Gage S t a .  

Example : 

Highway 1 0 1  Pa f o r  Februa ry  2 4 ,  1971 ,  i s  0 . 7 7 " .  

( 1 . 8 2 )  (0 .77" j  = 1 . 4 0 "  A-djusted Pa f o r  F e b r u a r y  2 4 ,  

1971,  f o r  5:50 p.m. a t  Gage S t a .  

The p e r c e n t  d i f f e r e n c e  c r e a t e d  by t h e  above-  

d e s c r i b e d  a d j u s t a e n t  was computed t o  b e  5 - 5 5  and i s  on t h e  

c o n s e r v a t i v e  s i d e .  The c o r r e c t e d  d a t s  a s  s e e n  i n  F i g u r e s  5  

and 6 a r e  n o t  r e s p o n s i b l e  f o r  t h e  v a r i a n c e  t h a t  does  e x i s t .  

T h i s  s m a l l  a d j u s t m e n t  would c o n s i s t e n t l y  r a i s e  ( v e r y  

s l i g h t l y )  t h e  l e v e l  cf  e a c h  c u r v e .  The d a t a  a s  a d j u s t e d  

a r e  used  t h r o u g h o u t  t h i s  d i s c u s s i o n .  

P r e c i p i t a t i o n  i n d e x i n g  f o r  p o i n t s  between s t a n d a r d  

r a i n  gag ing  s t a t i o n s  i s  c a l c u l a t e d  p r o p o r t i o n z t e  t o  e l e v a -  

t i o n a l  d i f f e r e n c e s .  

Example : 
/' 

~ i f f e r e n c e  i n  e l e v .  f rom Gage S t a .  t o  D i r t  B r idge  = 150 f t .  
D i f f e r e n c e  i n  e l e v .  f rom Gage S t a .  t o  L . F .  1 6 2 = 300 f t .  

1 5 0 '  D i r t  B r idge  c o r r e c t i o n  f a c t o r :  = 0 .50 .  

D i f f e r e n c e  between L . F .  1 2 Pa and Gaging S t a  Pa i s :  



Then: (0.04") (0.50) = 0.02" added t o  Gaging S t a .  Pa :  

(2.07 + 0.02) = 2.19" Pa f o r  D i r t  Bridge on Flarch 23,  
1971,  a t  11:15 a.m. 

The advantages  of t h i s  ad jus tment  p rocedure  i s  

r e a d i l y  apparen t  wh i l e  d i s advan tages  a r e  more s u b t l e .  

S e v e r a l  days of con t inuous  r a i n f a l l  o f t e n  occur i n  t h i s  

watershed.  To d i v i d e  a  p r ev ious  d a y ' s  p r e c i p i t a t i o n  i n  

h a l f  (Formula I )  may be u n r e a l i s t i c  f o r  Pa d e t e r m i n a t i o n ,  

i f  p r e c i p i t a t i o n  has  been con t inuous .  C e r t a i n l y  t h e r e  w i l l  

be no s i g n i f i c a n t  i n f i l t r a t i o n  o r  evapora t i on .  V i r t u a l l y  

a l l  p r e c i p i t a t i o n  w i l l  r e t u r n  i n  t h e  form of r u n o f f .  An 

a t t emp t  was made t o  handle  prolonged p e r i o d s  of nonstop 

r a i n  l o g i c a l l y .  

Recording r a i n  gages p l a c e d  i n  c l o s e  p rox imi ty  t o  

t h e  s t anda rd  r a i n  gages would have g iven  a  more a c c u r a t e  

p i c t u r e  of  t h e  r a i n f a l l  c h a r a c t e r i s t i c s  and may have p ro -  

v ided  a  l e s s  d i s t o r t e d  Pa;  i . e . ,  v a l u e s  up t o  5 m i l e s  away 

would n o t  have been p r o r a t e d  from Eureka. 

I t  i s  very  d i f f i c u l t  t o  a c c u r a t e l y  measure t h e  

over land  f low t ime f o r  a  drop of w a t e r  from t h e  t ime i t  

s t r i k e s  w i t h i n  t h e  b a s i n  u n t i l  i t  i s  recorded  f lowing  p a s t  

a  sampling s t a t i o n .  The v a r i a b l e  t ime i s  a f f e c t e d  by s o i l  

c o n d i t i o n ,  ground c o v e r ,  s l o p e ,  a s p e c t ,  r a i n f a l l  i n t e n s i t y ,  

magnitude and d u r a t i o n .  

Lag t ime ( r e f e r r e d  t o  a s  r a i n  l a g )  computed by 

Formula I1 fo l l ows  t h e  assumption t h a t  s to rm a c t i v i t y  con- 

t i n u e s  f o r  $ha t  p e r i o d .  



Iflater Temperature 

A thermometer was used to record the water tempera- 

+ L u r e  in degrees Fahrenheit at each station. Degrees were 

estimated to the nearest tenth. These extraneous data were 

onitted, as no computations or calculations are derived 

from these data for this report. 

Photo 12. An outside gage attached 
to the stilling basin was used to 
determine stage height at the 
U.S.G .S. Gaging Station (April 1971). 
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S tage  Height  Recordings 

?'he U.S.G.S. Gaging S t a t i o n  o f f e r e d  t h e  o p p o r t u n i t y  

t o  r eco rd  t h e  l e v e l  of  wa te r  f o r  a  g iven  f low.  A 1 3 - f o o t  

gaging r o d  (Photo 12) i s  a t t a c h e d  t o  t h e  s i d e  of t h e  s t i l l -  

i ng  w e l l .  These "ou t s ide  gage" measurements a r e  used t o  

de te rmine  r i s e  and f a l l  of  wa te r  c r e s t  and p r e d i c t  Q i n  

c f s .  P r e c i s i o n  t o  0 .01  f e e t  was o b t a i n e d .  

Data f o r  c o r r e l a t i o n  of i n s t a n t a n e o u s  sediment  d i s -  

charge  and s t r e a n f l o w  l e v e l s  w i t h  s t a g e  h e i g h t  and movement 

were a s se s sed .  S t a t i s t i c a l  a n a l y s i s  was used t o  de te rmine  

conf idence  l e v e l s  f o r  both  t h e  r i s e  and r e c e s s i o n  s i d e  of 

t h e  hydrograph a s  a  f u n c t i o n  of o t h e r  v a r i a b l e s .  

Unfo r tuna t e ly  t h e  s t a t i o n  was c o t  o p e r a t i o n a l  du r -  

i ng  t he  p e r i o d  of r e s e a r c h ,  a s  t h i s  cou ld  have produced 

i n c r e a s e d  conf idence from t h e  long- range  r e c o r d s .  Peak 

f lows cou ld  be p i n - p o i n t e d ,  and s t a g e  movement cou ld  

e a s i l y  be d e t e c t e d .  O v e r - a l l  t h e  l a t i t u d e  of  t h i s  p r o j e c t  

would have been g r e a t l y  enhanced. 

T u r b i d i t y  Analys i s  

Sampling t e c h n i q u e s , a s  p r e v i o u s l y  d e s c r i b e d  on 

page 23, y i e l d e d  2 1 1  s e p a r a t e  samples .  Each sample was 

t e s t e d  f o r  t u r b i d i t y  i n  p a r t s  p e r  m i l l i o n  (ppm) and concen- 

t r a t i o n  of suspended sediment  i n  mi l l i g r ams  p e r  l i t e r  

(mg/ l ) .  This  i s  t h e  weight  e q u i v a l e n t  of ppm. Upon 

a n a l y s i s  examinat ion of the r e l a t i o n s h i p  between t u r b i d i t y  

and c o n c e n t r a t i o n  i s  p o s s i b l e .  
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T u r b i d i t y  a n a l y s i s  was accompl i shed  by t h e  N e l l i g e  

Turbid imeLer .  T h i s  i n s t r u m e n t  measures  t h e  c l o u d i n e s s  o r  

opaqueness  t h a t  i s  p r e s e n t  due t o  t h e  amount o f  susperldcd 

m a t e r i a l  i n  s o l u t i o n .  The o b s e r v e r  o p t i c a l l y  d i s c e r n s  t h e  

p o i n t  z t  which a p a r t i c u i a r  sample  a l l o w s  l i g h t  t o  p a s s  

th rough  i t .  T h i s  p o i n t  i s  manua l ly  s c a l e d  t o  a  s i m p l e  

n u m e r i c a l  r e a d i n g .  T h i s  n u m e r i c a l  v a l u e  i s  t h e n  c o n v e r t e d  

t o  ppm from a  r a t i n g  c h a r t  f o r  t h e  p a r t i c u l a r  sample  volume 

and power o f  l i g h t  b u l b  u s e d .  Many samples  were  t o o  c l o u d y  

t o  be a c c u r a t e l y  s c a l e d .  A l l  s u c h  s o l u t i o n s  were d i l u t e d  

10 p a r t s  o f  d i s t i l l e d  w a t e r  t o  1 p a r t  o f  sample s o l u t i o n .  

I t  i s  i m p e r a t i v e  i n  such  d i l u t i o n s  t h a t  a  r e p r e s e n t a t i v e  

p a r t  of  t h e  sample i s  o b t a i n e d .  T h i s  i s  b e l i e v e d  t o  have 

been  accompl i shed  by a  l e n g t h y  mixing  p r o c e s s  ( s h a k i n g )  and 

t h e n  r a p i d l y  ~ e a s ~ r i n g  o u t  t h e  d e s i r e d  q u a n t i t y  f o r  d i l u -  

t i o n .  The d i l u t e d  s o l u t i o n  s c a l e  r e a d i n g  from t h e  

t u r b i d i n e t e r  was matched t o  t h e  r a t i n g  c h a r t  and  a  "wa te red  

down" ppm r e a d i n g  was o b t a i n e d .  The p r o d u c t  o f  t h i s  v a l u e  

and t h e  o r i g i n a l  d i l u t i o n  f a c t o r  was u s e d  t o  a c q u i r e  a n  

a c c u r a t e  t u r b i d i t y  r e a d i n g .  The r e s u l t s  a r e  summarized i n  

t h e  append ix .  

Suspended Sediment  Sampling Techn iques  

F o r  t h o s e  s t a t i o n s  i n d i c a t e d  On page  1 0 ,  a s u s -  

pended sed imen t  sample  was c o l l e c t e d  f o r  t u r b i d i t y  and 

c o n c e n t r a t i o n  a n a l y s i s .  Open t o p  sampl ing  j a r s  were  used  

t o  q u i c k l y  o b t a i n  t h e  w a t e r - s e d i m e n t  mix u s u a l l y  a t  t h e  



s t ream c e n t e r l i n e .  \\ride s e c t i o n s  nea r  t h e  d e l t a  of Jacoby 

Creek t h a t  might vary  between two o r  more p o i n t s  of t h e  

c r o s s  s e c t i o n  were examined. R e p e t i t i o n  of samples 

i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e  a c r o s s  t h e  s e c t i o n  

u n t i l  t h e  dep th  and speed were reduced ,  a s  found nea r  t he  

s h o r e .  The suspended sediment  sample was capped and 

l a b e l e d  f o r  l a b o r a t o r y  a n a l y s i s .  I t  i s  i n t e r e s t i n g  t o  n o t e  

t h a t  F red r ik sen  ( 1 9 7 0 )  r e g a r d s  t h i s  sampling technique  a s  

e r roneous .  The e r r o r  " is  s y s t e m a t i c  i n  t h a t  openmouthed 

b o t t l e s  underes t imate  t h e  t r u e  c o n c e n t r a t i o n  c a r r i e d  by t h e  

s t r eam."  I t  i s  b e l i e v e d  t h a t  r e s u l t s  p e r t a i n i n g  t o  s e d i -  

ment d i s c h a r g e  a r e  c o n s e r v a t i v e .  

Th is  i n s t an t aneous  method of d a t a  c o l l e c t i o n  i s  an 

e a s y - t o - e x e c u t e  and inexpens ive  program des igned  t o  f u r n i s h  

a  l a r g e  amount of workable b a s i c  i n fo rma t ion .  

Ana lys i s  by weight  invo lved  t h e  u se  of p r e c i s e  

d i r e c t  r ead ing  m e t t l e r  ba l ance '  s c a l e s .  Each sample was 

weighed i n  t o t a l i t y  ( j a r  p l u s  c o n t e n t s )  t o  t h e  n e a r e s t  

hundredth  of  a  gram.  Also f o r  each sample one p i e c e  of  

f i l t e r  paper  was coded and weighed t o  t h e  n e a r e s t  0.001 

gram. A f t e r  t h e  f i l t r a t e  was removed from t h e  wa te r -  

sediment  mix, bo th  t h e  f i l t r a t e  on t h e  f i l t e r  paper  and t h e  

empty j a r  were oven-dr ied  a t  100" F .  and reweighed t o  t h e  

n e a r e s t  0.001 gram (Photos 1 3  and 1 4 j .  The d i f f e r e n c e  



P h o t o  1 3 .  Sample  f i l t r a t e s  s h o w i n g  v a r i o u s  d r y  
w e i g h t  suspended seci iment  c o n c e n t r a t i o n  (mg/ l ]  
f o r  J a c o h y  C r e e k  ( J g l y  1 9 7 2 ) .  

P h o t o  1 4 .  C l o s e - u p  showing  d r i e d  f i l t r a t e  and 
p a p e r .  Dry weig!lt i s  u s e d  t o  d e t e r m i n e  c o n c e n -  
t r a t i o n  i~ t h e  l a b o r a t o r y  ( J u l y  1 9 7 2 ) .  
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between the  weight  of  t h e  paper  and t h e  f i l t r a t e  on t h e  

paper  i s  t h e  weight  of t h e  c o l l e c t e d  suspended sediment .  1 

The weight  of  t h e  oven d ry  j a r  s u b t r a c t e d  from t h e  o r i g i n a l  

t o t a l  weight  l e aves  t h e  t o t a l  weight  of  wa te r  and sediment 

combined. Another s u b t r a c t i v e  p roces s  now r e v e a l s  t h e  

wa te r  weigh t .  Div id ing  t h e  sediment weight  by t h e  wa te r  

weight  y i e l d s  mg/l of c o n c e n t r a t i o n  of sediment by weigh t .  

Example : 

T o t a l  weight  of sample ( j a r  + c o n t e n t s )  173.120 grams 
Weight of j a r  a f t e r  oven d r i e d  - 77.547 g r  
Weight .of  wa te r  and suspended sediment  95.573 g r  

Oven d ry  suspended sediment sample + f i l t e r  weight  0.793 g r  
Weight of t h e  f i l t e r  paper  -0 .781 g r  

Weight of suspended sediment sample (oven d ry )  0.012 g r  

Weight of wate r  and suspended sediment  95.573 g r  
Weight of oven dry  suspended sediment - 0.012 g r  
Weight of t h e  wa te r  i n  sample 95.561 g r  

Weight of oven dry  suspended sediment  0.012 gr 
Weight of wa te r  i n  sample 95.561 g r  

= 125.57 mg/l of  suspended sed iment ,  a t  D i r t  
Bridge on March 20, 1971. 

'oven d ry ing  was a  problem. To overcome t h i s ,  s ev -  
e r a l  t e s t s  were performed t o  de te rmine  t h e  t ime and tem- 
p e r a t u r e  needed t o  thoroughly d r y  t h e  sample.  Nost impor- 
t a n t  was de te rmin ing  t h e  l e n g t h  of t ime a t  room tempera ture  
needed f o r  t h e  f i l t e r  paper  t o  r e g a i n  i t s  o r i g i n a l  weight .  
P i l o t  s t u d i e s  i n d i c a t e d  t h a t  10 oven d ry ing  minutes  
r e q u i r e d  30 minutes  a t  room tempera ture  t o  r e g a i n  t h e  
o r i g i n a l  mois tu re  c o n t e n t  a s  measured by weigh t .  



Turbidity a n d  Concentration 
ble thod Comparison -- 

The ~urbidineter is incapable of properly accou~t- 

ing for small bits of gravel and rocks t h a ~  ma;. have bsen 

collected. Pilot tests show no difference be:w..er, a sample 

with small rocks (1 mm - 5 mm in diameter) or the same 

sample with the rocks removed. In reality this test shows 

a ppm reading of only the sediment and particulate that 

will readily rzmain in suspension and is not capable of 

accounting for larger particles. Turbidity measurements 

must not be confused with sediment concentration, although 

a relationship will be sho\\ri? to exist. 

As expected, the concentration value (mg/l) for the 

above-mentioned sample was considerably larger. Hcwever, 

concentration calculation by weight is not a complete meas- 

ure of water quality either. A sample that contains a 

large quantity of very fine silts cannot be con~pletely 

filtered out. Several such saaples were noted. Repetition 

filtering was ineffective as a solution. The reading 

detzrmined for each sample, however, vill be extremely close 

to the actual weight in spite of the cloudy condition of the 

water. 



CHAPTER VI 

DATA COblBINATION RESULTS AND DISCUSSION 

Miss inp Data P . r ed i c t i on  

There were t imes  when i t  was p h y s i c a l l y  imposs ib le  

t o  g a t h e r  neces sa ry  measurements. A t  ve ry  h igh  f l ows ,  d i s -  

charge d a t a  could  n o t  be ob t a ined  by methods p r e v i o u s l y  

d e s c r i b e d .  Knowing e x a c t l y  when t h e  s t a g e  c r e s t  p a s s e s  a  

p o i n t  may be d i f f i c u l t  t o  a s c e r t a i n  u n l e s s  a round- the -  

c lock  v i g i l a n c e  can be main ta ined .  Nigh t - t ime  measurements 

(Photo 15) had a  w i l d  s e t  of t r o u b l e s  of t h e i r  own, and 

they  a r e  on ly  known t o  any r e s e a r c h e r  who might v e n t u r e  

f o r t h  on t h e  d a r k e s t  of n i g h t s  a l o n e .  Cur ious  w i l d c a t s ,  

images of Big Foot ,  s t e e p  muddy r o a d s ,  a  ma l func t ion ing  

f l a s h l i g h t ,  unseen f l o a t i n g  l ogs  and t h e  l i k e  have a  t end-  

ency t o  produce q u e s t i o n a b l e  d a t a  a t  t imes .  

A measurable  va lue  e x i s t s  f o r  t h e  occur rence  of  

sediment i n  a s t ream and v a r i o u s  d i s c h a r g e  l e v e l s .  A 

d i r e c t  c o r r e l a t i o n  between mg/l o f  suspended sed iment ,  t u r -  

b i d i t y  and Q was no t ed .  Concen t r a t i on  and Q v a l u e s  were 

examined i n  t h e  form of s imple  l i n e a r  l o g a r i t h m i c  r e g r e s -  

s i o n  [ l og  Q = a + b ( l o g  C)] t o  produce c f s  f o r  t imes  when i t  

could  n o t  be ob t a ined .  I t  must be k e p t  i n  mind t h a t  t h i s  

method was u t i l i z e d  only  t o  p r e d i c t  t h e  v a l u e  of  a  miss ing  

p o i n t .  

4 3  



P h o t o  1 5 .  N i g h t - t i m e  measurement  
had a  w i l d  s e t  o f  t r o u b l e s  o f  ;he 
owr1 . . , (l?lzrch 1 9 7 1 ) .  

The - I n f l u e n c e  of  P r e c i p i t a t i o n  -- 
A s  p r e v i o u s l y  s t a t z d ,  r a i n f a l l  d a t a  ha~.re b e e n  

d e r i v e d  i n  terms of P a .  Us ing  t h e  d a t a  o b t a i n e d ,  i t  i s  

d i f f i c u l t  t o  c o n s i s t e n t l y  i s o l a t e  t h e  i n f l u e n c e  t h a t  p r e -  

c i p i t a t i o n  h a s  upon c o n c e ~ t r a t i o n  (mg/l), d i s c h a r g e  l e v e l s  

o r  the s e d i m e n t  t r a n s p o r t  r a t e .  Ho\srever, t h e  d e r i v e d  Pa 

i n d e x  d i d  s h o ~  a  h i g h l y  s i g n i f i c a n t  a s s o c i a t i o n  w i t h  t u r -  

b i d i t y  v a l u e s  f o r  a l l  s t a t i o n s  s u r v e y e d .  
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Concent ra t ion  (mg/l) a s  a fur .ct ion of Pa. A h i g h l y '  -- 
s i g n i f i c a n t  r e l a t i o n s h i p  between sediment c o n c e n t r a t i o n  and 

Pa i s  l a ck ing  f o r  a l l  s t a t i o n s .  Computed s t a t i s t i c a l  p a r a -  

mete rs  f o r  t h i s  f u n c t i o n / s t a t i o n  a r e  l i s t e d  i n  Table  2 .  

TABLE 2 

SEDIhIENT COXCENTRATION AS A F U N C T I O N  OF PRECIPITATION 
- 

2 P r o b a b i l i t y  S t a t i o n  r r F df ( i n  p e r c e n t )  

Last  Fork 1 0.509 0.714 16.67 16 1 
Las t  Fork 2 0.176 0.420 3.22 15 G.T .  5* 
Las t  Bridge 0.163 0.404 3.12 16 G.T. 5  
Gaging S t a .  0 .881 0.940 128.78 1 7  1 
Highway 101  0.612 0.783 28.52 18 1 
bl .  Gulch 0.247 0.497 4 . 9 2  15 G.T. 5 

* G r e a t e r  than 5 %  and n a t  a c c e p t a b l e .  A l l  s t a t i s t i c a l  
symbols a r e  t h o s e  used by Snedecor and Cochrac (1968). 

A s  can be s een  above,  t h i s  r e l a t i o n s h i p  i s  e i t h e r  

"hot o r  cold"  w i t h  no appa ren t  e x p l a n a t i o n  f o r  t h i s  spo-  

r a d i c  behavior .  Because of u n c e r t a i n  s t a t i s t i c a l  and 

p l o t t i n g  c o r r e l a t i o n ,  ano the r  method, t h a t  of  grouping t h e  

d a t a ,  was employed t o  de te rmine  i f  a  more c o n s i s t e n t  r e l a -  

t i o n s h i p  could  be o b t a i n e d .  Grouping d a t a  by c l a s s e s  t ends  

t o  minimize d i s c r e p a n c i e s ,  y e t  on ly  a  g e n e r a l  p i c t u r z  cf 

i n c r e a s e d  c o n c e n t r a t i o n  (mg/l) w i th  i n c r e a s e d  r a i n f a l l  i s  

e v i d e n t .  

S i x  c l a s s  i n t e r v a l s  were u t i l i z e d  i n  t h i s  breakdown. 

P l o t t e d  v a l u e s  were weighted by t h e  number of  samples i n  

t h e  corresponding c i a s s  i n t e r v a l .  The d i s p a r i t y  of  t h e  
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p l o t t e d  c o o r d i n a t e s  t h a t  does e x i s t  i s  i n t e r p r e t e d  a s  t h o s e  

f a c t o r s  which s low t h e  movement of s e d i m e n t - l a d e n  r i v u l e t s  

and keep  them from r e a c h i n g  t h e  s t r e a m  c h a n n e l  a t  t h e  same 

i n s t a n t  a s  t h e  r a i n d r o p s  s t r i k i n g  t h e  c h a n n e l  i t s e l f .  A 

t h i r d  method, t h a t  o f  l o g  l o g  c u r v i l i n e a r  form was t e s t e d  

( F i g .  5 ) .  V a r i a n c e  was a g a i n  o p t i c a l l y  d o m i n a t i n g ,  and no 

f u r t h e r  d a t a  were d e r i v e d .  I t  i s  e v i d e n t  t h a t  t h i s  program 

does  n o t  c o r r e l a t e  t h e s e  v a r i a b l e s  w i t h  any d e g r e e  of con-  

f i d e n c e .  There  i s ,  of  c o u r s e ,  t h e  p o s s i b i l i t y  of  p r e p a r i n g  

t h e  d a t a  t o  show l e s s  s i g n i f i c a n t  d i f f e r e n c e .  

Water d i s c h a r g e  a s  a  f u n c t i o n  of p r e c i p i t a t i o n .  

P l o t t i n g  p r e c i p i t a t i o n  and d i s c h a r g e  l e v e l s  a t  any p o i n t  i n  

t ime  i s  d i f f i c u l t  w i t h o u t  a  s e r i e s  of  samples  t a k e n  a t  

h o u r l y  i n t e r v a l s .  (Pe rhaps  even  s h o r t e r  t ime  i n c r e m e n t s  

would be n e c e s s a r y . )  To o b t a i n  t h e  most  r e l i a b l e  r e l a t i o n -  

s h i p ,  b a s e d  on t h e  method used  t o  o b t a i n  d a t a ,  t o t a l  d i s -  

c h a r g e  f o r  any g i v e n  s t o r m  s h o u l d  be  r e l a t e d  t o  t h e  t o t a l  

r a i n f a l l  r e c e i v e d .  T h i s ,  o f  c o u r s e ,  e l i m i n a t e s  problems 

i n h e r e n t  w i t h  p o i n t  s a m p l i n g .  However, i n s t a n t a n e o u s  

r e s u l t s  b a s e d  on t h e  a n t e c e d e n t  p r e c i p i t a t i o n  i n d e x  have  

r e s u l t e d  i n  a  r e a s o n a b l y  good r e l a t i o n s h i p .  

Q a s  a f u n c t i o n  of  Pa was t e s t - p l o t t e d  w i t h  P a  

p o r t r a y e d  b o t h  l i n e a r l y  and  l o g a r i t h m i c a l l y .  A s  a l i n e a r  

f u n c t i o n ,  v a r i a n c e  among sampled d a t a  p roved  t o  b e  d i s -  

p e r s e d  t o  t h e  p o i n t  o f  v i s u a l  c o n f u s i o n .  On t h e  l o g  l o g  

s c a l e  ( F i g .  6 ) ,  a  c l o s e r  a p p e a r i n g  r e l a t i o n s h i p  i s  s e e n  i n  
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I f u n c t i o n  of Pa) shows a c o n s i s t e n t  curve f o r  Last  Fork 1, 

Gaging S t a t i o n  and Highway 101 sampling s t a t i o n s .  F u r t h e r -  

more, r e s u l t s  i n d i c a t e  t h a t  a  good c o r r e l a t i o n  was ob t a ined  

between Pa and Q ,  a s  de sc r ibed  i n  Table 3 .  The i n c r e a s i n g  

c o r r e l a t i o n  va lue  may sugges t  t h a t  t h e  des ign  might be more 

r e l i a b l e  f o r  l a r g e r  watershed sys tems .  

TABLE 3  

DISCHARGE AS A F U N C T I O N  OF PRECIPITATION 

2 
Pe rcen t  

S t a t i o n  r r F df S ign i f i cance  

Las t  Fork 1 0.211 0.460 4.29 16 G.T .  5 
L a s t F o r k 2  0.412 0.642 10.51 15 1 
Las t  Bridge 0.453 0.673 13.23 16 1 
Gaging Sta..  0.541 0.736 20.05 17 1 
Highway 101 0.620 0.787 29.32 18 1 
b i .  Gulch 0.711 0.843 36.90 15 1 

Concen t r a t i on  of Sediment a s  a  
Funct ion of Water Discharge 

The c o r r e l a t i o n  between mg/l of  suspended sediment  

and wa te r  d i s c h a r g e  i s  probably  t h e  most impor tan t  i n t e r -  

a c t i o n  i n  t h i s  s t u d y ,  cons ide r ing  t h a t  t h e s e  two v a r i a b l e s  

w i l l  be  combined t o  compute sediment d i s cha rge  and sediment 

t r a n s p o r t  cu rves .  

Graphica l  d e s c r i p t i o n  of t h e  sediment concen t r a -  

t i o n s  t o  d i s c h a r g e  r e l a t i o n s h i p  i s  shown i n  F igures  7 ,  8 

and 9 .  S t a t i s t i c a l  i n t e r p r e t a t i o n  complete w i t h  conf idence  

l e v e l s  a r e  l i s t e d  on Table 4 .  
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TABLE 4 

CONCEN'TRATION OF SUSPENDED SEDIMENT 
AS A FUNCTION OF DISCHARGE 

Probability 
Station r2 r F df (in percent) 

Last Fork 1 0.372 0.610 9.48 16 1 
Last Fork 2 0.363 0.602 8.56 15 5 
Last Bridge 0.613 0.787 25.95 16 1 
Gaging Sta 0.609 0.780 26.42 17 1 
Highway 101 0.510 0.714 18.72 18 1 
M. Gulch 0.622, 0.788 24.62 15 1 

With the single exception of Last Fork 2, all sta- 

tions show a significant correlation at the one percent 

leve 1. 

Sediment Transport Curve 
Derivation 

With good correlation of completed data, computation 

of the hourly sediment load was made. Due to the relatively 

small suspended sediment yield, pounds/hour/square mile 

(#/hr./sq.mi.) rather than tons/day/square mile was deter- 

mined for Jacoby Creek Watershed. 2 

The ratio of milligrams/kilogram to mililiters/ 

liter is very nearly equal up to 15,000 milligrams. This 

relationship is considered to be direct for this study and 

is expressed in mg/l. 
. . .  . 

2 ~ o r  quick comparison with tons/day/square mile, 
multiply this sediment load by a 24' hours'/'day - - 

2000 pounds/ton 
0.0120 conversion factor. 

,a 
' 

. . 
i .  
' I  , I .  



Conversion of data to t/hr./sq. mi.: 

1 cubic foot = 28.316 liters 
and 1 liter = 1 kilogram by weight and 

volume at 4' C. 
1 cubic foot = 25,316 grams 

Temperature corrections were not applied to this project. 

Discharge calculated in CFS: 

(CFS)(28,316 grams) = grams/cubic foot/second 
(gr.lft.3jsec.) of water. 

then : 
(gr./ft .3/sec. of water) (measured mg/l 

Formula I1 I (a) : of suspended sediment in grams) 
one million 

= grams of suspended sediment (SS) per second. 

then : 

( #  /sec.) (3600 seconds/hour) = pounds/hour (#/hr .) 
of sediment. 

#/hr 
square miles = pounds per hour per square mile. 

Formula I11 (b) : (CFS) (PP?.I) (0.2.247302) 
square mlles 

= pounds/hour/square mile. 

Sediment load per square mile as a function of Q 

will generate a straight line relationship on log log paper 

(Brown and Ritter 1970). Similar logarithmic slopes were 

obtained for each station sampled. This suggests that like 

field conditions exist. The simple reproducibility of data 

for different stations on Jacoby Creek enhances the relia- 

bility of this relationship. These sediment transport 

curves are produced in Figures 10, 11 and 12 for the three 



Log S = 7.40241 -10+(4.10182) log Q 

Prediction Limits 

1 10 100 1000 
Discharge (Q) in cfs 

FIGURE 10. Sediment-Trans~ort Curve for 
Jacoby Creek at Last Fork i for ~ a n u a r y  
to Elay 1971. 



Log S = 7 . 8 0 5 1 9  - 1 0 + ( 2 . 4 4 1 7 7 )  log Q 

Limits 

1 1 0  1 0 0  1 0 0 0  
Discharge (Q) in cfs 

FIGURE 11. Sediment-Transport Curve for 
Jacoby Creek at U.S.G.S. Gaging Station 
for January to blay 1 9 7 1 .  



Log S = 8 . 1 1 3 7 6  -lo+ (1.95619) log Q 

i m i t s  

1 C) 100 1,000 10,000 
Discharge in cfs 

FIGURE 12. Sediment-Transport Curve for 
Jacoby Creek at Highway 101 for January 
to May 1971. 



m a j o r  s t a t i o n s  l o c a t e d  on t h e  main c h a n n e l .  The d a t a  

o b t a i n e d  and  u s e d  t o  d e v e l ~ p  t h e s e  t r a n s p o r t  c u r v e s  may be  

found  i n  t h e  appen .d ix .  Formula I I I ( b )  was employed t o  com- 

p u t e  p o u n d s / h o u r / s q u a r e  m i l e .  S t a t i s t i c a l l y ,  good c o r r e l a -  

t i o n  h a s  r e s u l t e d  w i t h  a l l  s t a t i o n s  s i g n i f i c a n t  a t  t h e  1% 

c o n f i d e n c e  l e v e l  a s  n o t e d  i n  T a b l e  5 .  

TABLE 5  

S T A T I S T I C - A L  R E S U L T S  FOR SEDIFlENT TRANSPORT 
CURVE AS A F U K C T I O N  OF Q 

2 
P r o b a b i l i t y  

s t a t i o n  r r F d f  ( i n  p e r c e n t )  

L a s t  Fork 1 0.484 0 .695  1 5 . 0 0  16 1 
L a s t  Fork  2 0 .460  0.679 1 2 . 8 0  15  1 
L a s t  B r i d g e  0 .739  0.860 45 .40  16 1 
Gaging S t a .  0 .774  0.880 5 8 . 3 3  1 7  1 
Highway 1 0 1  0 .758  0 .871  5 6 . 4 3  18  1 
If. Gulch 0 .760  0.872 47 .46  15  1 

I l l u s t r a t e d  g r a p h i c a l l y ,  L a s t  Fo rk  2 p r o d u c e s  a  

t r a n s p o r t  c u r v e  v e r y  s i m i l a r  i n  s l o p e  and  e l e v a t i o n  t o  t h a t  

o f  L a s t  Fork 1, z s  d o e s  t h e  s l o p e  and  e l e v a t i o n  o f  Smart 

P r o p e r t y  s t a t i o n  d a t a  t o  Highway 1 0 1  v a l u e s .  N e i t h e r  of 

t h e  a f o r e m e n t i o n e d  s t a t i o n s  a r e  r e p r o d u c e d  h e r e  due t o  t h i s  

s i m i l a r i t y .  M o r r i s o n  Gulch  d a t a  r e s u l t s  i n  a  l o w e r  s l o p e  

t h a n  any o t h e r  s a m p l i n g  p o i n t .  A r e l a t i v e l y  f l a t  s l o p e  

i n d i c a t e s  t h e  c a p a c i t y  t o  c a r r y  s e d i m e n t  i s  i n c r e a s e d  o n l y  

by  a  g r e a t e r  i n c r e a s e  i n  w a t e r  d i s c h a r g e  a s  compared t o  t h e  

o t h e r  s a m p l i n g  s t a t i o n s .  P h y s i c a l l y ,  t h e  c o n d i t i o n  i s  

r e l a t i v e l y  s t a b l e .  The s t e e p e r  s l o p e  i n d i c a t e s  t h a t  a  
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smal l  i n c r e a s e  i n  Q d i d  c a r r y  a l a r g e r  qua i l t i t y  of s e d i m e n t o  

c o n c e n t r a t i o n  w i t h  i t  ( u n s t a b l e  c o n d i t i o n s )  . 
Sediment t r a n s p o r t  curves  need accompanying 

i n s t r u c t i o n s .  Jacoby Creek i s  a  dynamic d ra inage  u n i t .  

What happened i n  t h e  s p r i n g  of 1971 may never  be d u p l i c a t e d  

aga in .  Unless d e s t r u c t i v e  a c t i v i t y  c e a s e s ,  nc  c o n s i s t e n t  

p r e d i c a b i l i t y  o r  watershed recovery  i s  f o r e s e e n .  In  heavy 

l a n d s l i d e  a r e a s ,  recovery remains a  very  remote and aca-  

demic d i s c u s s i o n .  

I f  c o n d i t i o n s  were a b l e  t o  s t a b i l i z e ,  a  s h o r t - t e r m  

s t u d y  of l e s s  t han  one y e a r  (as t h i s  p r o j e c t )  i s  s u b j e c t  t o  

s e a s o n a l  r e s t r i c t i o n s .  Wilson (1971) ,  commenting on a  

paper  au thored  by A. Rango (1970) reminds us t h a t  "most 

r i v e r s  show a  s ea sona l  p a t t e r n  of  sediment  y i e l d  v a r i a t i o n  

i n  r e l a t i o n  t o  c l i m a t i c  f a c t o r s . "  Jacoby Creek Basin  

expe r i ences  a r i d  summers and a  9-month ra iny season .  Other 

f a c t o r s  h e l d  c o n s t a n t ,  i n c r e a s e d  sediment  y i e l d  i s  expec ted  

annua l ly  wi th  t h e  f i r s t  f a l l  s to rms .  

The In f luence  of S tage  Movement 

Group r e g r e s s i o n  comparison procedures  were f o l -  

lowed t o  determine i f  s l o p e  and e l e v a t i o n s  were s i g n i f i -  

c a n t l y  d i f f e r e n t  due t o  s t a g e  movement f o r  t h e  measured 

v a r i a b l e s .  These comparisons cou ld  only  be examined a t  

Gaging S t a t i o n  a s  s t a g e  movement was n o t  recorded  a t  any 

o t h e r  s t a t i o n .  
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The r e l a t i o n s h i p  of s t a g e  h e i g h t  t o  w a t e r  d i s c h a r g e  

i s  an i m p o r t a n t  combina t ion  and needs  t o  be c a r e f u l l y  

d e f i n e d .  I f  a  good c o r r e l a t i o n  does  e x i s t ,  a  l o t  o f  work 

can  be e l i m i n a t e d  by s imply  measur ing  t h e  s t a g e  h e i g h t  w i t h  

an  a u t o m a t i c  s t a g e  r e c o r d e r .  

The p r i m a r y  c a l i b r a t i o n  was made from c u r r e n t  m e t e r  

measurements and i n s t a n t a n e o u s  s t a g e  h e i g h t  r e c o r d i n g s .  

F i r s t  i t  was n e c e s s a r y  t o  d e t e r m i n e  i f  t h e r e  was a  s i g n i f i -  

c a n t  d i f f e r e n c e  between t h e  r i s i n g  and r e c e d i n g  s t a g e  a s  a 

f u n c t i o n  of  Q .  S e p a r a t e  r e g r e s s i o n  a n a l y s i s  was employed 

f o r  o b s e r v a t i o n ,  w i t h  r e s u l t s  summarized i n  T a b l e  6 and 

g raphed  i n  F i g u r e  13 .  

C o r r e l s t i o n  r e s u l t s  i n d i c a t e d  t h a t  f u r t h e r  a n a l y s i s  

c o u l d  be  w o r t h w h i l e .  Group r e g r e s s i o n  i n d i c a t e s  t h a t  no  

s i g n i f i c a n t  s l o p e  o r  e l e v a t i o n  d i f f e r e n c e  o c c u r r e d  a t  t h e  

5% c o n f i d e n c e  l e v e l .  

TABLE 6 

J A C O B Y  CREEK GAGING STATION STAGE HEIGHT 
AS A FUNCTION OF Q 

2 
P r o b a b i l i t y  

S t a g e  Movement F d f r r ( i n  p e r c e n t )  

R i s i n g  1 6 . 5 1  5 0.785 0.886 1 
R e c e s s i o n  58.57 10 0.852 0.852 1 
Combined 

blovement 6 5 . 5 7  1 7  0 .891  0.944 1 

The r e l a t i o n s h i p  o f  s e d i m e n t  c o n c e n t r a t i o n  t o  w a t e r  

d i s c h a r g e  was compared i n  a n  i d e n t i c a l  manner ,  a g a i n  
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showing no s i g n i f i c a n t  d i f f e r e n c e  between t h e  r e g r e s s i o n  

e q u a t i o n s .  

I n h e r e n t l y  t h e  above a s s o c i a t i o n s  a r e  n a t u r a l l y  

more s e n s i t i v e  t h a n  t h a t  o f  sed imen t  t o  s t a g e  h e i g h t .  

However, a  h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  was found i n  t h e  

p r e p a r e d  d a t a  l i s t e d  i n  T a b l e  7.  

TABLE 7 

SEDIbIENT DISCHARGE AS A FUNCTION 
OF STAGE HEIGHT 

S t a g e  blovement F d  f  r 2 
P r o b a b i l i t y  

r ( i n  p e r c e n t )  

R i s i n g  2 5 . 2 6  4 0 .863  0.929 1 
Recess ion  1 3 . 7 7  10 0.579 0 .761 1 
Combined 

blovement 28.71 1 7  0 .628 0 .793 1 

S lope  and e l e v a t i o n  compar ison  a g a i n  showed no  s i g -  

n i f i c a n t  d i f f e r e n c e  f o r  sed imen t  d i s c h a r g e  a s  a  f u n c t i o n  of  

s t a g e  h e i g h t  a t  t h e  5 %  l e v e l .  

S i n c e  no s i g n i f i c a n t  d i f f e r e n c e  does  e x i s t  due t o  

s t a g e  movement, t h e  r i s e  and r e c e s s i o n  d a t a  were combined 

f o r  c o r r e l a t i o n .  S i m i l a r  c o n d i t i o n s  were assumed t o  p r e -  

v a i l  t h roughou t  t h e  main c h a n n e l .  Again d a t a  combina t ion  

p r o v i d e s  t h e  p r o p e r  workable  form.  T h i s  f i t  o f  d a t a  

d e s c r i b e s  t h e  f l a s h y n e s s  o f  t h e  w a t e r s h e d .  Peak d i s c h a r g e s  

come f a s t  and d i s s i p a t e  r a p i d l y ,  c a r r y i n g  w i t h  them a con-  

s i d e r a b l e  q u a n t i t y  of s e d i m e n t .  
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At this point in my data interpretation, several 

variations of analysis need to be recognized and 'clarified. 

By reviewing the graphical data, one could quickly convert 

a measured antecedent precipitation index (Pa) into a sus- 

pended sediment concentration value by use of Figure 5 for 

Station Highway 101. With reference to Figure 9, the cor- 

responding discharge relationship is established. Figure 12 

(Q vs. Sediment Discharge in pounds/hour/square mile) pro- 

vides the alleged sediment transport occurring from a known 

quantity of precipitation. Other functional associations 

might be attempted from graphical iliustrations in a 

similar manner: 

Q 
(a) Pa- $ - Sediment Transport 

St. Ht. 

(b) mg/l - - Q  -- Sediment Transport 

Each nomogram will result in a different response. 

It should be apparent that with each graph-jump an adjust- 

ment (a tendency to move towards an average) is encountered. 

Therefore, this particular type of interpretation should 

be considered as a very basic trend or pattern and that no 

absolute values can be secured. 



CI-iAPTER VI I 

INDIVIDUAL STOP\ll ANALYSIS 

Water D i s c h a r e e  and Sediment  
L. 

T r a n s p o r t  a s  a  Func t ion  o f  
P r e c i p i t a t i o n  

R a i n f a l l  i n t e n s i t y  f o r  L a s t  Forks  1 and 2 was 

d e r i v e d  from l o c a l  c l i m a t o l o g i c a l  w e a t h e r  d a t a  by t h e  hour  

and c o r r e c t e d  t o  t h e  s t a n d a r d  r a i n  gage  d a t a  f o r  t h i s  j u n c -  

t i o n  of Jacoby Creek.  

R a i n f a l l  I n t e n s i t y  Example: 

T o t a l  p p t  f o r  s to rm a t  Eureka  = 1.61"  a .  2 2  a t  7:00 
a.m. t o  blar. 24 a t  

T o t a l  p p t  f o r  s to rm a t  LF 1 6 2 = 2.69" 5 :@0 a.m.,  1971 . )  

To f i n d  LF 1 6 2 p p t :  

2 '69: :  ( p p t / h r  from Eureka)  = r a i n f a l l  i n t e n s i t y .  1.61 

(1 .61")  (0 .02" /h r  a t  noon) = 0 .  0332If /hr  o r  
a p p r o x i m a t e l y  0 .03" /hr  a t  noon,  March 23 ,  1971.  

T h i s  e f f e c t i v e l y  a d j u s t s  f o r  v a r i a t i o n  i n  amount o f  

p r e c i p i t a t i o n  due t o  e l e v a t i o n  and o t h e r  f a c t o r s  and does  

n o t  c o r r e c t  f o r  l a g  t ime  due t o  p h y s i o g r a p h i c  and c l i m a t i c  

f a c t o r s .  

These h o u r l y  v a l u e s  have  b e e n  u s e d  a s  t h e  a v e r a g e  

i n t e n s i t y  o f  r a i n f a l l  f o r  t h a t  hour  and a r e  found i n  

F i g u r e  1 4 .  T h i s  w i l l  b e  s u f f i c i e n t  i n  l i e u  o f  t h e  t r u e  



i n t e n s i t y  peaks t h a t  would have t o  be d e r i v e d  from a  

r eco rd ing  r a i n  gage c h a r t .  This  in format ion  w i l l  show t h e  

average highs  o r  average peaks of t h e  s torm f lows .  The 

s torm i n t e n s i t i e s  have been p l o t t e d  f o r  t h e  s t a t i o n  a t  High- 

way 101. Compare t h e  e f f e c t  of r a i n f a l l  i n t e n s i t y  (double 

b e l l )  i n  F igures  1 5  and 16 wi th  t h e  d i s c h a r g e  and sediment 

l oads  ( a l s o  a  double b e l l )  f o r  Highway 101,  F igu re  17.  A 

d e l a y ' o f  approximately 6 hours  from t h e  f i r s t  r a i n f a l l  

i n t e n s i t y  pezk t o  t h e  i n i t i a l  d i s c h a r g e  peak i s  n o t e d ,  

wh i l e  a  24-hour d e t e n t i o n  e x i s t s  between t h e  second i n t e n -  

s i t y  and d i s cha rge  c r e s t  p o i n t s .  

I n f luence  o f  Discharge on Concen- 
t r a t i o n  and Sediment Transpo r t  

Cont inua l  rrieasurements were ob t a ined  f o r  t h e  s torm 

from beginning of p r e c i p i t a t i o n  t o  end o f  h igh  d i s cha rge  

l e v e l s .  These v a l ~ e s  a r e  p l o t t e d  f o r  Las t  Forks 1 and 2 

and Highway 101 on F igures  15;16 and 1 7 ,  r e s p e c t i v e l y .  

These i l l u s t r a t i o n s  r e v e a l  a  s u r p r i s i n g  d i f f e r e n c e  and w i l l  

now be compared. 

Consider now Las t  Forks 1 and 2 ,  which a r e  i n  t h e  

headwaters  of Jacoby Creek. Las t  Fork 1 d r a i n s  1 . 0 3  squa re  

m i l e s ,  whi le  Las t  Fork 2 d r a i n s  0.78 squa re  mi l e s  of l and .  

The amount of sediment f o r  each f o r k  of Jacoby Creek i s  a  

f u n c t i o n  of water  d i s cha rge  i s  shown h e r e .  (Also s e e  

Table  8 . )  I n  bo th  f o r k s  t h e  sediment r a t i o  t o  d i s c h a r g e  

i s  much g r e a t e r  t han  a t  t h e  lower end o f  Jacoby Creek a t  



FIGURE 14. Mean Precipitation Intensity 
in inches/hour at Highway 101, Jacoby Creek 

a.m. p.m. a.m. ~h 
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FIGURE 15.  Last Fork 1 Suspended-Sediment'1,oad 
and Storm Discharge Hydrograph f o r  Jacoby Creek, 
C a l i f o r n i a ,  March 2 2 - 2 4 ,  1 9 7 1 .  
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FIGURE 17. Highway 101 Suspended-Sediment Load 
and Storm Discharge Hydrograph f o r  Jacoby. Creek, 
California, March 22-24, 1971. 

\-water Discharge 
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Highway 101 (F ig .  1 7 ) .  However, Las t  Fork 2 sediment load  

f a r  exceeds t h a t  of Last  Fork 1, whi le  d i s cha rge  i s  n o t  

p r o p o r t i o n a t e l y  i n c r e a s e d .  

These hydrographs were subdiv ided  ( a f t e r  Guy 1965) 

and eva lua t ed  from t h e  s e d i m e n t - t r a n s p o r t  curves  and by 

Formula I I I ( b )  t o  compute wate r  and sediment d i s cha rge  f o r  

t h e  r e s p e c t i v e  sampled u n i t .  The r e s u l t s  a r e  summarized i n  

T a b l e .  8.  

TABLE 8  

SUMMARY OF WATER DISCHARGE AND SEDIbiENT LOADS 
FOR MARCH 22-24,  1971,  STORM AT 

LAST FORKS 1 6 2 AND HIGHWAY 1 0 1  SAMPLING 
STATIONS, JACOBY CREEK,  CALIFORNIA 

Water Discharged 
S t a t i o n  Sediment Load i n  Tons/Square Mile i n  Cubic F e e t /  
Sampled J( * *  Sec/Square Mile  

Las t  Fork 1 4 . 2  
Las t  Fork 2 1 8 . 3  
Highway 101 80.8 

* 
* *  Computed from sediment t r a n s p o r t  c u r v e s ,  F i g s .  1 0 ,  11, 1 2 .  

Computed by Formula I11 (b) , p .  54 .  

Method 2 r e p r e s e n t s  a  d e t a i l e d  p i c t u r e  of t h i s  p a r -  

t i c u l a r  s torm,  wh i l e  Method 1 i n d i c a t e s  an average f o r  t h e  

e n t i r e  watershed based on more samples and consequent ly  has 

a  h i g h e r  p r o b a b i l i t y  o f  r e c u r r e n c e .  

The major d i f f e r e n c e  between t h e  two methods f o r  

Highway 1 0 1  i s  a r e s u l t  of  t h e  d i sp lacement  between t h e  



d i s c h a r g e  and s e d i m e n t  c u r v e s  ( F i g .  17 )  f o r  t h e  f i r s t  b e l l  

e f f e c t  measured from t h e  s t o r m .  

From an i n t e r p r e t a t i v e  s t a n d p o i n t ,  c o n c e n t r a t i o n  

and d i s c h a r g e  hydrogl-aph c u r v e s  f o r  Highway 101 a r e  

i n t r i g u i n g .  I t  i s  s u r m i s e d  t h a t  t h e  f i r s t  peak o f  w a t e r  

b e i n g  d i s c h a r g e d  i s  t h a t  q u a n t i t y  o f  r a i n f a l l  s t r i k i n g  n e a r  

o r  on t h e  c h a n n e l  i t s e l f  ( e s p e c i a l l y  downstream) t o  produce  

t h e  e a r l y  c r e s t .  U n t i l  t h e  volume i n c r e a s e d ,  t h e  sed imen t  

y i e l d  remained f a i r l y  low. Even a s  t h e  f i r s t  d i s c h a r g e  

peak p a s s e d  i n t ~  Humboldt Bay, t h e  t u r b u l e n t  w a t e r  was 

l a d e n  w i t h  s e d i m e n t  which f o l l o w e d  c l o s e  b e h i n d .  T h i s  

sed imen t  peak i s  d i r e c t l y  dependen t  on t h e  d i s c h a r g e  p e a k .  

Small  r e s e r v o i r s  a r e  now f i l l e d ,  and t h e  c o n t i n u o u s  

r a i n  b r i n g s  a  r i s e  t o  t h e  s t r e a m  s t a g e .  Water q u a n t i t y  

r i s i n g  a  secocd  t ime  e a s i l y  c a r r i e s  w i t h  i t  sed imen t  

a v a i l a b l e  from t h e  f i r s t  s u r g e  p l u s  t h a t  which i s  t r a n s -  

p o r t e d  from s i d e  s l o p e s  i n t o  t h e  main c h a n n e l .  

Watershed c o n d i t i o n s  below t h e  L a s t  Forks  1 and 2 

s u b u n i t s  a r e  more s t a b l e ,  w i t h  v e r y  few p o t e n t i a l  e r o s i o n  

a r e a s .  I t  i s  assumed t h a t  t h e  m a j o r i t y  of sed imen t  meas- 

u r e d  a t  any downstream s t a t i o n  d u r i n g  t h i s  s to rm i s  a 

r e s u l t  of p r e v i o u s  s t o r m  d e p o s i t i o n  and n o t  from any a d d i -  

t i o n a l  e r o s i o n .  

I n  g e n e r a l  i t  i s  e x p e c t e d  t h a t  a s m a l l  f l o w  s u c h  a s  

one i n  t h e  h e a d w a t e r s  w i l l  be  o f  g r e a t e r  v e l o c i t y  and c a r r y  

more s e d i m e n t / u n i t  volume of  w a t e r .  L a r g e r  f l o w s  a t  lower  

v e l o c i t i e s  downstream, by c o n t r a s t ,  w i l l  have l e s s  sed imen t /  
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u n i t  volume of wa te r .  This decrease  i n  ca r ry ing  power i s  ., 
r e l a t e d  t o  t h e  reduced v e l c c i t y  such a s  would be expected 

ac ros s  t h e  a l l u v i a l  p l a i n s  o f  Jacoby Creek. Hewlett and 

Nut te r  (1969) i n d i c a t e  t h a t  t h e  c a r r y i n g  power i s  an 

exponen t i a l  f u n c t i o n  of v e l o c i t y .  For example, c a r r y i n g  

power i s  i n c r e a s e d  3 2  t imes  by doubl ing t he  v e l o c i t y  of a 

s t ream.  This  v e l o c i t y  has  t h e  c a p a c i t y  t o  p ick  up p a r -  

t i c l e s  on t h e  s t ream bottom and keep them suspended, which 

accounts  f o r  e x p o n e n t i a l l y  i n c r e a s e d  sediment t r a n s p o r t  

dur ing  h igh  f lows .  

A s  t h e  load  approaches Humboldt Bay, t he  volume of 

wate r  i s  i n c r e a s i n g  whi le  t h e  v e l o c i t y  has no t  s i g n i f i -  

c a n t l y  become g r e a t e r ,  account ing f o r  t he  decrease  of 

s ed imen t /un i t  volume of w a t e r ,  a l t hcugh  it has  i n c r e a s e d  

many-fold by t o t a l  volume. 

T o t a l  Sediment Discharge f o r  
S i n e l e  Storm 

Hourly c o n c e n t r a t i o n  and d i s cha rge  subd iv i s ions  

from Figure  1 7  were accumulated and i l l u s t r a t e d  c o l l e c -  

t i v e l y  w i t h  p r e c i p i t a t i o n  i n  F igure  18 f o r  Highway 101 

sampling s t a t i o n .  

On t h e  b a s i s  t h a t  a  1.61" r a i n  of l i k e  d u r a t i o n  and 

i n t e n s i t y  w i l l  t r a n s p o r t  80 t ons /mi l e2  of suspended s e d i -  

ment i n t o  Humboldt Bay, some p r e s e n t  eva lua t ions  and f u t u r e  

p r e d i c t i o n s  can be e s t ima ted .  

Dredging by t h e  Corps of  Engineers i s  a s se s sed  i n  
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a p p e n d i x ) .  To r e l a t e  t h i s  s e d i m e n t a t i o n  t o  a  monetary  

v a l u e ,  c o n v e r s i o n  of  suspended  s e d i m e n t  tonnage  t o  volume 

and volume c o s t  i s  needed .  Conver s ion  of  SO t o n s / m i l e  2 

suspended sed imen t  t o  volume f o l l o w s :  

1 c u b i c  f o o t  = 28.316 l i t e r  by volume = 62.4  l b s / c u b i c  f o o t .  

1 c u b i c  y a r d  = 764.532 l i t e r .  

1 l i t e r  = 2.20462 l b s .  o f  w a t e r .  

t h e r e f o r e :  

764.532 l i t e r s  = 1685.50 p o u n d s / c u b i c  y a r d  o f  w a t e r  a t  4"  C .  

(1685.50 l b s j c u b i c  y a r d )  ( b u l k  d e n s i t y  o f  2 .08)  

= 3505.8 l b s  p e r  c u b i c  y a r d  o r  1 . 7 5  t o n s / c u b i c  y a r d . 3  

(80 .8  t o n s / s q u a r e  m i l e ) ( 1 7 . 3 4  s q .  m i l e  i n  w a t e r s h e d )  

= 1401.1  t o n s  t o t a l  d i s c h a r g e .  

1 . 7 5  t o n s  
c u b i c  y a r d  

1401 .1  t o n s  
1 c u b i c  y a r d s  800.59 

( t o t a l  
c u b i c  y a r d s  
f o r  s t o r m ) .  

The 1971 a v e r a g e  c o s t  o f  d r e d g i n g  sed imen t  from 

Humboldt Bay i s  $ 1 . 5 9 / c u b i c  y a r d  ( append ix ,  p .  107) .  

3 ~ u l k  d e n s i t y  i s  d e t e r m i n e d  from t h e  w e i g h t  o f  
suspended s e d i m e n t .  Kno t t  (1971) ,  F r e d r i k s e n  (1970) and 
Bureau o f  Rec lamat ion  (1970) have  u s e d  v a r i o u s  s e d i m e n t  
w e i g h t s l c u b i c  f o o t .  I have p u r p o s e l y  s e l e c t e d  a  somewhat 
h i g h  v a l u e  o f  130 p o u n d s / c u b i c  f o o t  o r  a  b u l k  d e n s i t y  o f  
2 .08 .  T h i s  p roduces  a c o n s e r v a t i v e  c a l c u l a t i o n  when con-  
v e r t i n g  t o n s  t o  c u b i c  y a r d s .  I n  r e v e r s e  i t  may g i v e  a  
somewhat h i g h  e s t i m a t e  of  t o n n a g e ,  b u t  remember t h e  o r i g i n a l  
measurements  were  made i n  t o n s  n o t  c u b i c  y a r d s ,  and d redg-  
i n g  c o s t s  a r e  based  on volume n o t  w e i g h t .  S e p a r a t e  t e s t s  
need  t o  be  conduc ted  t o  d e t e r m i n e  t h e  a p p r o p r i a t e  bulk 
d e n s i t y  f o r  t h e  a r e a  i n  q u e s t i o n .  



( $1 .59 / cub i c  ya rd ) (800 .59  c u b i c  y a r d s )  = $1272.94 c o s t  f o r  a 

t h i s  1 .61"  s to rm i n  terms of  immediate d redg ing  c o s t s .  

During t h e  1969 wa t e r  y e a r , 4  t e n  s torms occu r r ed  

which equa led  o r  exceeded5 t h e  1.61" 54-hour s to rm t h a t  was 

measured. Annual p r e d i c t i o n s  f o r  sediment  tonnage ,  volume 

and c o s t  would t h e n  be a t  l e a s t :  

(1401.1 t o n s ) ( l O  s t o rms )  = 14,010 t o n s  of sediment  annua l l y .  

(800.59 cub i c  y a r d s )  (10 s to rms)  = 8,006 cub i c  y a r d s  annua l l y .  

($1272.94/s torm)( lO s to rms )  = $12,729.40 annual  d redg ing  
c o s t  t o  t h e  p u b l i c .  

Fur thermore ,  t h i s  e s t i m a t e  does no t  i n c l u d e  t h e  

t r a n s p o r t a t i o n  of  l a r g e r  p a r t i c l e s  known a s  bed load .  Bed- 

l o a d  c a l c u l a t i o n s  cou ld  boos t  t h e s e  v a l u e s  between 4 -95%,  

depending on which a u t h o r  i s  c i t e d .  Iio bedload e s t i m a t e s  

were made i n  t h e  f i e l d .  For i l l u s t r a t i v e  purposes  i n c r e a s e  

t h e s e  q u a n t i t i e s  by a  c o n s e r v a t i v e  20%.  

S e v e r a l  c o n d i t i o n s  a r e  imp l i ed  t o  e x i s t  by t h e s e  

c a l c u l a t i o n s ,  which need c l a r i f i c a t i o n .  

Annual channe l  d r edg ing  does c o n t i n u e ,  b u t  t h e  

m a t e r i a l  removed may n o t  be  t h e  same m a t e r i a l  d e p o s i t e d  

4~ 30-year  r a i n f a l l  average  i s  38.43". 1969 w a t e r  
y e a r  i n c u r r e d  3 8 . 2 2 "  of r a i n .  1 9 7 0  r e c e i v e d  t h e  above- 
average  48.18" o f  r a i n .  Consequen t ly ,  t h e  number o f  s t o rms  
r e c e i v e d  from an  average  w a t e r  y e a r  i s  used  f o r  t h e  annua l  
p r e d i c t i o n s .  

' ~ o t e  t h a t  a  4" s to rm over  t h i s  same t ime p e r i o d  
cou ld  have 32 t imes  t h e  e f f e c t  t h a t  a  2" s torm has  i n  terms 
of sediment  t r a n s p o r t .  A major  f l o o d  may c a r r y  more s e d i -  
ment du r ing  t h o s e  few hours  t h a n  was t r a n s p o r t e d  i n  a 
number of  p r e v i o u s  y e a r s  (Hewlet t  and N u t t e r  1969,  Brown 
and R i t t e r  1971) .  



from Jacoby Creek e f f l u e n t .  I t  may, i n  f a c t ,  be  many 

s e a s o n s  b e f o r e  t h e  a c t u a l  s t o r m  amount w i l l  be  e x c a v a t e d  
I ' 

due t o  s i l t i n g - i n  p rob lems .  I t  i s  d i f f i c u l t  t o  assume t h a t  

t h e  e s t i m a t e d  c o s t  of  Bay d r e d g i n g  i s  p r o p o r t i o n a l  t o  t h e  

p r e s e n t  o r  p a s t  c o n s t r u c t i o n  a c t i v i t y  i n  t h e  d r a i n a g e  b a s i n .  

Undoubtedly ,  s ed imen t  was d e p o s i t e d  i n  Humboldt Bay 

from Jacoby  Creek b e f o r e  man-caused  a c t i v i t y  e x i s t e d .  How 

much t h i s  volume h a s  a c c e l e r a t e d  i s  n o t  measured by t h i s  

c o n v e r s i o n  t o  c o s t .  However, c o s t  d a t a  does r e p r e s e n t  

p o t e n t i a l  monetary  problems t h a t  a r e  a c c e l e r a t e d  by p o o r  

l a n d  management p rob lems .  

T h i s  a n n u a l  c o s t  i s  v e r y  i m p o r t a n t  t o  t h e  t a x p a y e r ,  

e s p e c i a l l y  on a  y e a r - t o - y e a r  b a s i s .  The l o n g - r u n  c o n s e -  

quence w i l l  n o t  be  i g n o r e d .  However, t h e  a n n u a l  c o s t  i s  

r e a l l y  minimal  i n  compar ison  t o  t h e  c o s t  of  h a v i n g  t h i s  t o p  

s o i l  r e p l a c e d  on t h e  s l o p e s  of  J a c o b y  Creek .  Loss of  s o i l  

r e p r e s e n t s  p o s s i b l e  s i t e  c l a s s -  r e d u c t i o n ,  c o n t i n u e d  s l o p e  

s t a b i l i t y  problems and t u r b i d i t y  problems f o r  w i l d l i f e .  

Computat ion o f  s o i l  l o s s  ( i n  i n c h e s )  a l l o w s  compar ison  

between o t h e r  w a t e r s h e d s  and  Jacoby  Creek .  S o i l  l o s s  i n  

i n c h e s / y e a r  i s  computed be low.  

80 .8  t o n s  
- 0.00580 pounds of  s e d i m e n t / s q u a r e  f o o t .  s q u a r e  m i l e  - 

13~21bs /cub ic  foo t  = 1 0 . 8 5  p o u n d s / i n c h / s q u a r e  f o o t .  
i n c h e s / f o o t  

: .00580 lbs /square  foot  = 0.000536 i n c h e s  l o s t  f rom t h e  
0 . 8 3  l b s / i n c h / s q .  f o o t  

s u r f a c e  o f  t h i s  w a t e r s h e d  f o r  a 1 .61"  s t o r m .  Adding t h e  

e s t i m a t e d  b e d l o a d ,  I e s t i m a t e  0 .000643 i n c h e s  l o s t  f rom 
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s u r f a c e  a r e a  f o r  t h i s  measured s t o rm .  During t h i s  p e r i o d  
% 

of r e s e a r c h  ( January  t o  A p r i l  1971) t h e r e  were 4 s to rms  of  

t h i s  i n t e n s i t y  and d u r a t i o n  (o r  l a r g e r )  t h a t  occu r r ed .  

(0.000643")(4 s t o rms )  = 0.002572" l o s t  d u r i n g  t h e  

p e r i o d  of r e s e a r c h .  C o r r e l a t i o n  w i t h  t h e  U.S. Weather 

Bureau r e c o r d s  a t  Eureka e s t i m a t e s  t h a t  10 s to rms  of  t h i s  

i n t e n s i t y  and magnitude o r  g r e a t e r  have occu r r ed  on average  

w a t e r  y e a r s  ( s e e  f o o t n o t e  4  on p . 7 5 ) .  

(0.000643")(10 s t o rms )  = 0.00643" minimum annua l  

l o s s ,  o r  a t  l e a s t  6 . 4 3 "  p e r  thousand y e a r s .  

A s t u d y  on u n s t a b l e  s o i l s  i n  t h r e e  wes t e rn  Oregon 

wa t e r sheds  ( F r e d r i k s e n  1970) was compared t o  my s t u d y .  On 

a p a t c h - c u t  b a s i n  w i t h  roads  t h e  f o l l o w i n g  r e s u l t s  were 

o b t a i n e d .  9 7 . 7 %  of  t h e  t o t a l  sediment  l o s t  was due t o  

l a n d s l i d e s  a s  a  r e s u l t  o f  t h e  1964 f l o o d ,  Th i s  i s  n o t  

i n c l u d e d  i n  t h e  compar ison,  a s  no c a t a s t r o p h i c  e v e n t  was 

r eco rded  du r ing  my p e r i o d  of r e s e a r c h .  

TABLE 9 

ANNUAL SOIL LOSS COFIPARISON CHART 

Es t ima t ed  Top S o i l  100-year  r a t e  
Loca t ion  p o u n d s / f t 3  i nches  i n  i nches  

Oregon (Pa tch-  
c u t  w i t h  roads )  62 0 . 0 0 3 2 ~  0.32 

Jacoby Creek 
Watershed 130 0.00643 0.643 

Jacoby Creek 6  2 0.01345 1.345 

* 
I nc lud ing  32 l a n d s l i d e s  o c c u r r i n g  d u r i n g  t h e  1964-65 

f l o o d  i n c r e a s e s  t h i s  v a l u e  t o  0 . 1 1 0 0  i nches  l o s t ;  
a ccoun t i ng  f o r  97 .7% of t h e  t o t a l  s o i l  l o s s .  1 

F 
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C h a r a c t e r i s t i c s  o f  T u r b i d i t v  

Up t o  t h i s  p o i n t  l i t t l e  h a s  been  d i s c u s s e d  p e r t a i n -  

i n g  t o  t u r b i d i t y  measurements .  Over a l l ,  good r e s u l t s  were 

o b t a i n e d  from t h e  l o g a r i t h m i c  r e g r e s s i o n  a g a i n s t  o t h e r  

c o l l e c t e d  v a r i a b l e s .  

The Pa i n d e x  p r e v i o u s l y  u s e d  was a c c u r a t e  w i t h i n  

t h e  1% c o n f i d e n c e  l e v e l  f o r  a l l  p o i n t s  measured .  The f o l -  

lowing t a b l e  d e s c r i b e s  t h e  i n f l u e n c e  of  Pa on t u r b i d i t y .  

TABLE 10 

INFLUENCE OF Pa ON T U R B I D I T Y  

2 P r o b a b i l i t y  
S t a t i o n  F d f  r r ( i n  p e r c e n t )  

L a s t  Fork 1 8 .89  1 0  0 .357 0.600 1 
L a s t  Fork 2 9.06  1 5  0 .376 0.614 1 
L a s t  Br idge  14.62 16  0 .478 0 .691 1 
Gaging S t a .  34.44 17  0.670 0 .818 1 
Highway 1 0 1  32.68 18  0 .645 0 . 8 0 3  1 
b l .  Gulch 18 .97  15  0 .558  0.747 1 

C e r t a i n l y  a  v e r y  l o g i c a l  r e l a t i o n s h i p ,  b u t  n o t  one 

t h a t  i s  p r a c t i c a l  o r  u s e f u l .  T u r b i d i t y  samples  can  be 

o b t a i n e d  r a p i d l y  and q u i c k l y  from f i e l d  t e s t i n g  k i t s .  

A second  and v e r y  r e a s o n a b l e  a l l i a n c e  i s  t h e  e f f e c t  

w a t e r  d i s c h a r g e  h a s  on t u r b i d i t y  r a t e s  ( s e e  T a b l e  1 1 ) .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h e  i n c r e a s i n g  v a l u e  o f  

t h e  c o r r e l a t i o n  c o e f f i c i e n t .  T h i s  s u g g e s t s  something  of 

t h e  n a t u r e  o f  t h e  s o i l  p a r t i c l e s  f o r  t h e  r e s p e c t i v e  a r e a s .  

F i n e r  s i l t s  and c l a y s  a r e  d i f f i c u l t  t o  weigh b u t  r e a d i l y  



TABLE 11 

INFLUENCE OF Q ON TURBIDITY 

S t a t i o n  
P r o b a b i l i t y  

r ( i n  p e r c e n t )  

L a s t  F o r k  1 8 . 3 5  1 6  0 . 3 4 3  0 . 5 8 6  5  
L a s t  F o r k  2 1 2 . 4 6  1 5  0 . 4 5 4  0 . 6 7 4  1 
L a s t  B r i d g e  9 4 . 5 0  1 6  0 . 8 5 5  0 . 9 2 5  1 
G a g i n g  S t a .  9 5 . 0 1  1 7  0 . 8 4 8  0 . 9 2 1  1 
Highway 1 0 1  ' 4 4 3 . 7 2  1 8  0 . 9 6 1  0 . 9 8 0  1 
h4 .  G u l c h  1 1 4 . 2 4  1 5  0 . 8 8 4  0 . 9 4 0  1 

TABLE 1 2  

RELATIONSHIP OF TUREIDITY AND 
SUSFENDED SEDIblENT CONCENTRATION 

2 
P r o b a b i l i t y  

S t a t i o n  F d f  r r ( i n  p e r c e n t )  

L a s t  F o r k  1 1 7 . 9 3  1 6  0 . 5 2 8  0 . 7 2 7  
L a s t  F o r k  2  6 . 2 8  1 5  0 . 2 9 5  0 . 5 4 3  
L a s t  B r i d g e  2 7 . 5 6  1 6  0 . 6 3 3  0 . 7 9 5  
G a g i n g  S t a .  3 3 . 0 8  1 7  0 . 6 6 1  0 . 8 1 3  
Highway 1 0 1  2 7 . 7 6  1 8  0 . 6 0 7  0 . 7 7 9  
M .  G u l c h  1 7 . 4 2  1 5  0 . 5 3 7  0 . 7 3 3  

s h o w  d u r i n g  t u r b i d i t y  t e s t s .  By o b s e r v a t i o n ,  t h e r e  a re  

m o r e  f i n e  s o i l s  t h r o u g h o u t  t h e  a l l u v i a l  z o n e s  t h a n  i n  t h e  

u p p e r  r e a c h e s  o f  J a c o b y  C r e e k  B a s i n .  A l s o ,  t h i s  g r e a t e r  

q u a n t i t y  o f  s l o w e r  m o v i n g  w a t e r  ( v e l o c i t y )  w o u l d  r e t a i n  t h e  

s m a l l e r  p a r t i c l e s  w h i l e  l o s i n g  t h e  h e a v i e r  mater ia ls  d u e  t o  
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d e p o s i t i o n .  A s  d i s c u s s e d  e a r l i e r ,  t h e  h e a v i e r  p a r t i c l e s  do 

n o t  i n c r e a s e  t u r b i d i t y  r e a d i n g s  ( s e e  p .  4 2 ) .  

The a b i l i t y  o f  a  s e r i e s  of t u r b i d i t y  samples  t o  

p r e d i c t  s ed imen t  t r a n s p o r t  i s  a  d i r e c t  f u n c t i o n  o f  i t s  c o r -  

r e l a t i o n  w i t h  s e d i m e n t  c o n c e n t r a t i o n  and d i s c h a r g e  ( Q ) .  

S t a t i s t i c a l l y  a  h i g h  c o r r e l a t i o n  h a s  heen  shown w i t h  w a t e r  

d i s c h a r g e ;  one s l s o  e x i s t s  w i t h  suspended sed imen t  concen-  

t r a t i c n  ( s e e  'Table 1 2 ) .  

Brown and R i t t e r  (1C71) r e p o r t  v e r y  s i m i l a r  f i n d -  

i n g s  from s i m i l a r  methods f o r  t h e  E e l  R i v e r ,  which f l o w s  

i n t o  t h e  P a c i f i c  Ocean j u s t  s o u t h  o f  Hunboldt Bay. Com- 

p a r i s o n  and d i s c u s s i o n  w i l l  be  a r r a n g e d  a f t e r  t h e i r  

a p p r o a c h .  

Logar i thmic  r e g r e s s i o n  h a s  i n c l u d e d  99% o f  t h e  

va r i a r l ce  f o r  a l l  s t a t i o n s  ( e x c e p t i n g  L a s t  Fork 2 ) .  These 

s l o p e s  a r e  summarized i n  g r a p h i c a l  form ( F i g s .  19 and 2 0 ) .  

Computer ized l i n e a r  r e g r e s s i o n  was employed t o  a c c u r a t e l y  

d e r i v e  t h e  r e g r e s s i o n  d a t a .  S t a t i s t i c a l  e v i d e n c e  i s  l i s t e d  

i n  T a b l e  13 .  A g r e a t  d e a l  o f  s i m i l a r i t y  f o r  t h e  s l o p e  con-  

s t a n t  i s  a p p a r e n t  t h r o u g h o u t  t h e  b a s i n .  Brown and R i t t e r  

found t h i s  t o  b e  t r u e  f o r  t h e  E e l  R i v e r  Bas in  f o r  1965-1968 

w a t e r  y e a r  d a t a .  R e g r e s s i o n  s l o p e  c o n s t a n t s  (b)  r a n g e d  

f r o m  0.995 t o  1 . 2 0 3 ,  compared t o  my 0.79570 t o  1.12577 

s p r e a d .  I n t e r c e p t  c o n s t a n t s  a r e  a l s o  v e r y  s i m i l a r .  

Fo r  a p p r o x i m a t e l y  95% o f  t h e  samples  a c q u i r e d ,  t h e  

c o n c e n t r a t i o n  v a l u e  was h i g h e r  t h a n  t h e  c o r r e s p o n d i n g  

t u r b i d i t y  v a l u e .  T h i s  cond i t . i on  i s  c o n s i s t e n t  w i t h  
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FIGURE 19. Concentration as a Function 
of Turbidity for Highway 101. 
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FIGURE 20. Regression Curves of the 
Relation between Turbidity 6 Concentration 
for Various Sampling Points along Jacoby 
Creek. 



TABLE 13 

REGRESSION EQUATIONS AND CONFIDENCE DATA 
FOR CONCENTRATION AS A FUNCTION OF TURBIDITY 

Standard Error 
Equation for Concentration of Estimate Probability 

Station -Turbidity Relation ~ = a ~ b  df r (log units) (in percent) 

Last Fork 1 C = 0.20174(T) 16 0.727 0.2843 1 1.00522 

Last Fork 2 C = 0.18410(T) 1.11120 15 0.543 0.4451 5 

Last Bridge C = 0.24763(T) 1.08201 16 0.795 0.2902 1 

Gaging Sta. C = 0.36287(T) 0.79570 17 0.813 0.3398 1 

Highway 101 C = 0.34152(T) 1.06328 18 0.779 0.3895 1 

M. Gulch C = 0.14398(T) 1.12577 15 0.733 0.2267 1 

I 
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findings in the Eel River Watershed. In lieu of sediment 

concentration sampling and analysis, turbidity data could 

be used to gain some type of estimate of the suspended sedi- 

ment concentration. Further as a general guide, turbidity 

measurements may be used to estimate the sediment discharge 

(Table 14). The danger with this assumption is that a 

TABLE 14 

PREDICT,r?\BILITY OF SEDIIIENT TRANSPORT 
BY TURBIDITY LEVELS 

- 

2 
Probability 

Station F df r r (in percent) 

Last Fork 1 19.00 16 0.543 0.737 1 
Last Fork 2 7.07 15 0.321 0.566 5 
Last Bridge 31.63 16 0.722 0.850 1 
Gaging Sta. 61.66 17 0.784 0.885 1 
Highway 101 86.66 18 0.828 0.910 1 
bl. Gulch 30.07 15 0.667 0.817 1 

turbidity increase may not be due to an increase in water 

flow and has in fact been created by construction or tree 

harvest activity immediately upstream. Perhaps a more 

logical program is use of turbidity to compute sediment 

concentration with which a discharge (Q) correlation can be 

used to determine sediment transport. 



I 

Q ) . k  
k 0 

: o r &  
0 c d V - l  
k U  C 

a cd V-l .d 
C , ' - H + J  

5 a u o m u  
F : a , F : . d Q  

M c d k 3 X h  
.rl k a, 

C, * .. 
d a m w  

5 a , a , a , a , F :  
a s v l o a ,  

~ , . r l c , c d a  k 
d > a, cd 
Q , a , k k F 4  
k M U Q A  
c d a , r = d C , c d  
p, k .d .rl a, 

V) 
cd c d a 5 . ? 4  

V ) a , F : k  
a , C , p , c d c d p ,  
k F : W  a -4 
cd .d F: .G 

O h O t ' V )  
V) a d +  d F: 
F: l - i C , Q O  
0 c d c d a . d  

. d c d U t ' E : C ,  
C, k . d . d  a, cd 
c d a , c , a a r l  
r l U . r l a , c l  
a , a , d U a k  
k m k o d  
k PI k -d in 
a, P1 . rl 
C , .  a, s 
a - W A C ,  

. d a , C , O C ,  
F: F: +' 

. r c a , F : ' - H F :  
o o a ,  

E 
. d X O C , V ) F :  
k O U U A O  
cd F: k 

V ) c c r  . d  
a , o V - l a , >  
rl c .  
a h .  4J a, 

u C . 5 a, V) 

k kCcc . r l  
rd '-H d rC: > P a ,  M U  

a,. F: a, 
C k 0 - d  
0 d . r l c d E  



A v a s t  number of c o n t i n u o u s l y  chang ing  p a r a m e t e r s  

make c l e a r  t h e  need  f o r  s o p h i s t i c a t i o n  i n  measur ing  t o o l s .  

T h i s  problem needs  e x p e r i m e n t a t i o n  and r e s e a r c h .  There  i s  

no doub t  t h a t  t h e  s o l u t i o n  will be  complex. 

S e v e r a l  p r o d u c e r - p r o d u c t  f u n c t i o n s  were measured 

w i t h  enough c l a r i t y  t o  g e n e r a t e  a c c e p t a b l e  p r o b a b i l i t y  

l e v e l s .  The d e s i g n  of  t h e  f o l l o w i n g  a s s o c i a t i o n s  have  a d e -  

q u a t e  c o r r e l a t i o n  r e s u l t s .  

1. T u r b i d i t y  ( T )  - C o n c e n t r a t i o n  (mg/l)  

2 .  Ytater D i s c h a r g e  (Q)  Turb i d i t y  
S t a g e  Height  (SH) C o n c e n t r a t i o n  (mg/l)  

3 .  T u r b i d i t y  3 
c o n c e n t r a t i o n  (mg/l)  
Water D i s c h a r g e  - Sediment  D i s c h a r g e  (Sed . )  - 
S t a g e  Height  

Computer ized s t e p - w i s e  r e g r e s s i o n  was programmed t o  

t a b u l a t e  and summarize t h e  above r e l a t i o n s h i p s .  Some i n t e r -  

e s t i n g  s e c o n d - s t e p  a s s o c i a t i o n s  were  o b s e r v e d .  The a d d i -  

t i o n  o f  a  second  independen t  v a r i a b l e  i n t o  t h e  r e g r e s s i o n  

e q u a t i o n  h a s  always i n c r e a s e d  p r e d i c t a b i l i t y  p e r c e n t a g e  ( o r  

r a r e l y  produced no e f f e c t ) .  Of impor tance  a r e  t h e  p r e c i p i -  

t a t i o n  t o  t u r b i d i t y ,  s ed imen t  c o n c e ' n t r a t i o n  (mg/ l )  and  

d i s c h a r g e  r e l a t i o n s h i p s .  L i s t e d  i n  T a b l e  1 5  a r e  examples  

o f  two- and t h r e e - s t e p  i n t e r r e a c t i o n s  t h a t  o c c u r r e d  a t  

Highway 1 0 1  sampl ing  s t a t i o n .  

T e s t s  I V ,  V and V I  f rom T a b l e  15  s u b s t a n t i a t e s  t h e  

p r a c t i c a b i l i t y  and f e a s i b i l i t y  o f  u s i n g  t u r b i d i t y  measure -  

ments  i n  c o n j u n c t i o n  w i t h  w a t e r  d i s c h a r g e  t o  r e p r o d u c e  



TABLE 15 

INTERREACTIONS OF INDEPENDENT VARIABLES FOR HIGHWAY 101 
JACOBY CREEK 

L 

Variable in 
2 % I n c r e y e  Probability 

Test Dep. Var. Equation F-Level df r in r r (in percent) 

I Sed. Pa 20.16 18 0.691 - - 0.831 1 
Sed. Pa + T 50.66 17 0.856 6.5 0.925 1 

I I T Pa 32.68 18 0.645 - - 0.803 1 
T Pa + mg/l 20.13 17 0.703 5.8 0.839 1 

I I I mg/l Pa 28.52 18 0.613 - - 0.783 1 
mg/l Pa + T 17.78 17 0.677 6.4 0.823 1 
mg/l P a + T + Q  15.14 16 0.739 6.2 0.860 1 

IV mg/l T 27.76 18 0.607 - - 0.779 1 

V mg/l Q 18.72 18 0.510 - - 0.714 1 

VI mg/l T + Q  17.23 17 0.670 6.3 0.818 1 

VII Sed. Q 56.43 18 0.758 - - 0.871 1 
Sed. Q + T  44.51 17 0.840 8.2 0.916 1 
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c o n c e n t r a t i o n  (mg/ l )  . F u r t h e r ,  T e s t  V I I  i n d i c a t e s  t h a t  t h e  

a d d i t i v e  f u n c t i o n  o f  t u r b i d i t y  and w a t e r  d i s c h a r g e  r e s u l t s  

i n  an 8 . 2 %  p r e d i c t a b i l i t y  i n c r e a s e  of  sed imen t  t r a n s p o r t .  

Aga in ,  i t  must be r e c o g n i z e d  t h a t  e r r o n e o u s  c o n c l u -  

s i o n s  w i l l  r e s u l t  i f  t u r b i d i t y  i s  n o t  a  p r o d u c t  of  

d i s c h a r g e .  

T h i s  t y p e  o f  w a t e r s h e d  sampl ing  program i s  u s u a l l y  

i n e x p e n s i v e ,  w i t h  t h e  m a j o r i t y  o f  expense  i n v o l v i n g  f i e l d  

l a b o r .  I t  i s  a  s i m p l e  and e a s y  method of  o b t a i n i n g  a  work- 

i n g  s e t  o f  f i e l d .  measurements  t h a t  a r e  c a p a b l e  of  y i e l d i n g  

an e x t e n s i v e  amount o f  i n f o r m a t i o n  which may r e s u l t  i n  h i g h  

p r o b a b i l i t y  l e v e l s ,  a s  t h i s  s t u d y  h a s .  

Photo  1 6 .  The Jacoby  Creek Watershed  i s  c a p a b l e  
of  t r a n s p o r t i n g  1 4 0 0  t o n s  o f  suspended s e d i m e n t  
i n t o  Humboldt Bay a s  a  r e s u l t  o f  a 1 . 6 1 "  54 -hour  
s t o r m  (Oc tobe r  1 9 7 1 ) .  



Sampling continued for 14 weeks throughout the 

Jacoby Creek Basin. During this time instantaneous tur- 

bidity, concentration (mg/l) , precipitation and discharge 
data were obtained. Interrelationships were statistically 

tested, and the findings were discussed. 

Photo 17. The Community of Bayside 
represents the majority of housing 
found in Jacoby Creek Basin. Note 
sediment deposition at the mouth of 
the main channel (October 1971). 

One storm occurring between winter and spring quar- 

ters was singled out, and a more intensive system of 
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measurement was employed t o  u n d e r s t a n d  t h e  i n d i v i d u a l  s t o r m  

s i t u a t i o n .  I t  was c a l c u l a t e d  t h a t  d u r i n g  t h i s  p a r t i c u l a r  

1 . 6 1 "  r a i n ,  1282 t o n s  of suspended sed imen t  was t r a n s p o r t e d  

i n t o  I~umbold t  Bay ( P h o t o s .  1 6 ,  17  and 18)  d u r i n g  a  54 -hour  

p e r i o d .  A t o t a l  o f  1400 t a n s  c o u l d  n o r m a l l y  be e x p e c t e d  a s  

Pho to  1 8 .  Bordered  w i t h  v e g e t a t i o n ,  Jacoby Creek  
c r o s s e s  U.S. Highway 101  and f l o w s  i n t o  Humboldt 
Bay. Looking n o r t h ,  t h e  C i t y  of  A r c a t a  i s  s e e n .  
(October  1971) .  

d e t e r m i n e d  from i n s t a n t a n e o u s  f i e l d  measurements .  T h i s  

tonnage  i s  n o t  comparable  t o  t h e  116,000,000 t o n s  e s t i m a t e d  

f o r  Ee l  R i v e r  a t  S c o t i a  f o r  a  72-hour  p e r i o d  b e g i n n i n g  
6 

December 2 2 ,  1 9 6 4  (Brown and R i t t e r  1 9 7 0 ) .  No s e d i m e n t  

6 ~ h e  t o t a l  amount o f  suspended  sed imen t  d i s c h a r g e  
a t  t h a t  s t a t i o n  f o r  t h e  p r e v i o u s  8  y e a r s  amounted t o  
94 ,000,000 t o n s .  



r e c o r d s  a r e  a v a i l a b l e  f o r  Jacoby Creek f o r  t h e  1964 f l o o d .  

However, c r e s t  s t a g e s  were r e p o r t e d  by t h e  U.S.G.S. S t age -  

d i s c h a r g e  r e l a t i o n  was de f ined  by c u r r e n t - m e t e r  measure-  - - 
ments below 670 c f s  and by c r i t i c a l  dep th  measurement a t  

1490 c f s .  Flood d a t a  r e p o r t e d  by U.S.G.S. 1970 a r e :  

Maxima---December 1964 t o  January  1965: Discharge 
1530 c f s  December 2 2  (gage h e i g h t  6 .83 f e e t  from 
f l o o d  marks] . 

1954 t o  Xovenii~ei- 1964: Discharge ,  1670 
c f s  December 30,  1954 (gage h e i g h t ,  7.20 f e e t ) .  

These s t a g e  h e i g h t  p o i n t s  a r e  p l o t t e d  on t h e  s t a g e -  

d i s c h a r g e  graph  (F ig .  13) f o r  o b s e r v a t i o n .  

Subdrainage u n i t s  f e e d i n g  Las t  Forks 1 and 2 were 

compared. I t  i s  s u r p r i s i n g  t h a t  Las t  Fork 2 (0.78 squa re  

m i l e s )  d i s c h a r g e s  approximately  4 t imes  t h e  suspended s e d i -  

ment c o n c e n t r a t i o n  (Photo 19) a s  does Las t  Fork 1 (1.03 

squa re  m i l e s ) .  S t u d i e s  by F red r ik sen  (1970) show a  d e f i -  

n i t e  i n c r e a s e  i n  s ed imen ta t i on  du r ing  and immediately 

fo l l owing  logging  and road c o n s t r u c t i o n  a c t i v i t i e s .  How- 
I 

e v e r ,  t o  confound t h e  paradox more, Las t  Fork 1 has  had 

I 2 - 1 / 2  t imes  t h e  r e c e n t  logg ing  (by a r e a  f o r  J anua ry  1969 t o  

~i September 1971) a s  d i d  Las t  Fork 2 and r e c e i v e d  app rox i -  

mately  equa l  t r e a t m e n t  p r i o r  t o  t h a t  p e r i o d .  

What cause  cou ld  t h i s  phenomenon be a t t r i b u t e d  t o ?  

There a r e  no phys iographic  d i f f e r e n c e s  between t h e s e  t w o  

sub-wate rsheds  t h a t  could  war r an t  such an e x p l a n a t i o n .  I t  

i s  i n t e r e s t i n g  t h a t  Las t  Fork 1 sub-watershed i s  where,  a t  

f i r s t  g l a n c e ,  t h e  sediment problem would o r i g i n a t e .  A 
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t remendous l a n d s l i d e  c o m p l e t e l y  b l o c k i n g  t h e  s t r e a m  e x i s t s .  

However, i t s  p r e s e n c e  s i n c e  t h e  w i n t e r  of 1968-69 i s  n o t  

c a u s i n g  more sed imen t  d i s c h a r g e  t h a n  i s  L a s t  Fork 2 .  

Photo  1 9 .  L a s t  Fork 2. (on l e f t )  
produced 4 t i m e s  t h e  suspended 
sed imen t  volume a s  d i d  L a s t  Fork 1 
(coming from r i g h t ) .  The mass ive  
s l i d e  (Photo 23) i s  i n  t h e  L a s t  
Fork 1 s u b - u n i t .  T h i s  p i c t u r e  was 
t a k e n  6 hours  a f t e r  t h e  s t a r t  o f  a  
1 . 6 1 "  r a i n  (Flarch 1 9 7 1 ) .  



There a r e  p robably  a  number of  i n t e r r e l a t e d  reasons  

f o r  t h i s  c o n d i t i o n .  Two exp lana t ions  based on o b s e r v a t i o n s  

and no t  f i e l d  heasurements  a r e  d i s c u s s e d .  F i r s t ,  t h e  

d r a i n a g e  u n i t ,  of  Las t  Fork 2 i s  expe r i enc ing  some r e logg ing .  

Roads have b'een r e c o n s t r u c t e d  (near  t h e  s t r e a m ) ,  and p e r -  

haps t h i s  a c t i v i t y  i s  producing an exces s ive  q u a n t i t y  of  

sediment  i n  t h e  s t r eam i n  c o n t r a s t  t o  t h e  h a r v e s t i n g  over  

t h e  p a s t  2 y e a r s .  

Photo 20 .  An e a r t h  and log  b r i d g e  which washed 
o u t  dur ing  t h e  w i n t e r  of 1968-69 was n o t  r e p a i r e d  
o r  removed even though t h e  road beyond was 
impassable .  An e s t i m a t e d  100 c u b i c  y a r d s  of 
e a r t h  once f i l l e d  t h e s e  c a v i t i e s .  Locat ion i s  a t  
mouth of Las t  Fork 1 (Apr i l  1971).  

The major t h e s i s  i s  t h e  c o n d i t i o n  of  t h e  l a n d  

( e s p e c i a l l y  nea r  t h e  s t ream)  a f t e r  t h e  f i r s t  logg ing  show 

(1964-1967). The c r e e k  i n  Las t  Fork 2 has  two d i r t  dams 



c o n s t r u c t e d  a c r o s s  i t ,  a s  does L a s t  Fork 1 (Photo  2 0 ) .  

These dams were n o t  removed a f t e r  l o g g i n g  a n d ,  c o n s e q u e n t l y ,  

a r e  c a v i n g  i n  d u r i n g  s t o r m  a c t i v i t y .  blost i m p o r t a n t ,  t h e  

s i d e  s l o p e s  have  n e v e r  r e g a i n e d  s t a b i l i t y ,  a s  v e g e t a t i o n  

c a n n o t  e s t a b l i s h  a r o o t  sys t em f o r  s u p p o r t .  T h i s  i s  p r i -  

m a r i l y  due t o  t h e  c o n t i n u i n g  l a n d s l i d e s  and l o s s  o f  t o p  

Pho to  2 1 .  Slumps and s l i d e s  c a p a b l e  
of  moving t r e e s  and chang ing  con-  
t o u r s  a r e  ev idenced  i n  t h e  u p p e r  
s t r e t c h e s  of  Jacoby  Creek Watershed  
(March 1971) .  



P h o t o s  2 2  and 2 3 ,  above ,  for111 a  s e q u e n c e .  Note t h e  e a r t h  a n d  l o g  b r i d g e  i n  t h e  
c e n t e r  o f  Pho to  2 2 .  A t remendous  l a n d s l i d e  i n  Pho to  23  e x t e n d s  t o  t h e  t o p o g r a p h i c  
boundary  o f  L a s t  Fork  1 s u b - u n i t .  The s l i d e  began a f t e r  t h e  f i r s t  r o a d  was con-  
s t r u c t e d  and l o g g i n g  began.  T h r e e  d i f f e r e n t  r o a d s  c r o s s e d  i n t o  t h i s  s l i d e  a t  one w *  

ul 
t i m e .  J u s t  above t h e  s l i d e  i s  L a s t  Fork 2 s u b - u n i t  (Oc tobe r  1971) .  b 



s o i l .  T h i s  l a c k  of s t z b i l i t y  is t h e  c a u s e  of s e d i m e n t a t i o n ,  

and a t  e i t h e r  s t a t i o n  ( L a s t  Fork 1 o r  2 )  t h e  sed imen t  d i s -  

c h a r g e  l o a d  does  n o t  a c c u r a t e l y  r e f l e c t  p r e s e n t  ( l a s t  2 

y e a r s )  l o g g i n g  and road  c o n s t r u c t i o n  sed imen t  p r o d u c t i o n .  

P a s t  t r e e  h a r v e s t  methods and r o a d  c o n s t r u c t i o n  (Photo  21) 

a p p e a r  t o  be  s t r o n g  and domina t ing  f a c t o r s  and a r e  com- 

p l e t e l y  masking any measurab le  e f f e c t s  on p r e s e n t  l o g g i n g  

Photo  2 4 .  S t a n d i n g  on t h e  l a n d s l i d e  viewed 
i n  Photo  23 and l o o k i n g  i n t o  L a s t  Fork 1 s u b -  
u n i t .  N o t i c e  t h e  s l i d e  has  b l o c k e d  t h e  s t r e a m ,  
f o r c i n g  i t  t o  d e t o u r .  Down c u t t i n g  on t h e  oppo- 
s i t e  bank i s  a  r e s u l t  of t h e  d e t o u r .  Uns ta .b le  
s l o p e s  s u c h  a s  t h e s e  s h o u l d  n o t  be logged  o r  
e x p e r i e n c e  r o a d  c o n s t r u c t i o n  ( A p r i l  1 9 7 1 ) .  

methods .  F u r t h e r ,  i t  i s  my c o n t e n t i o n  t h a t  L a s t  Fork 2 ' s  

heavy d i s c h a r g e  i s  ma in ly  c o i n c i d e n t a l  t o  t h e  t ime  o f  t h i s  

r e s e a r c h  p r o j e c t .  I f e e l  t h a t  t h e s e  r e s u l t s  c o u l d  b e  
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r e v e r s e d  d u r i n g  ano the r  s t udy  p e r i o d ,  a s  bo th  subwatershed - 
u n i t s  a r e  i n  a  h i g h l y  u n s t a b l e  c o n d i t i o n .  For example,  i n  

L a s t  Fork 1, h i g h  above t h e  s t reambed ,  a r e  numerous c r a c k s  

a long  t h e  r o a d  edges .  Each s h e a r  zone r e p r e s e n t s  a  po t en -  

t i a l  l a n d s l i d e .  One such s l i d e  (Photos  2 2 ,  23 and 24) does 

e x i s t .  I t  i s  approximate ly  300 y a r d s  a c r o s s  by 5 0 0  y a r d s  

down s l o p e .  A l so ,  many a r e a s  o f  b a r r e n  s l o p e s  and mass ive  

d i r t  s l i d e s  can  be found i n  Las t  Fork 1 subwatershed.  I n  

many a r e a s  t h e  d i r t  i s  bu l l dozed  d i r e c t l y  i n t o  t h e  s t r e a m ;  

t h e  s l o p e s  need n o t  depend on e r o s i o n  f o r  l o s s  of  t o p  s o i l .  

However, i n t e n s e  r a i n s  w i l l  c o n t i n u o u s l y  t r a n s p o r t  t h i s  

m a t e r i a l  downstream i n  t h e  f u t u r e .  Due t o  t h e  con t i nued  

road  c o n s t r u c t i o n  and h a r v e s t i n g  p r a c t i c e s ,  i t  w i l l  be  many 

y e a r s  b e f o r e  ground s t a b i l i t y  can be o b t a i n e d .  Large 

sampl ing v a r i a n c e  w i l l  r e f l e c t  t h i s  p e r p e t u a l l y  u n s t a b l e  

c o n d i t i o n .  \ 

\ 



CHAPTER IX 

RESEARCH SUFflIARY 

This study, based on instantaneous water discharge 

and suspended sediment measurements,has yielded cansidtr- 

able data designed to estimate the sediment discharge for 

Jacoby Creek. 

No single, easily measured variable was found that 

could accurately account for the sediment yield. 

This project is unequivocally a conservative recon- 

naissance of the sediment transportation from Jacoby Creek 

for a number of reasons. 

1. Low to high range of discharge values include 

13-1146 cfs at highway 101. 

2. A systematic error is introduced in that open- 

mouthed bottles underestimate the true concentration 

carried by the stream (Fredriksen 1970). 

3. An extremely conservative unit weight of 130 

pounds/cubic foot was used to estimate the volurne of 

sediment moved. This further underestimates the 

average number of inches of top soil lost. 

4. Hewlett and Nutter (1969) make clear the geo- 

metric relationship of water volume and corresponding 

carrying power. For the annual estimation, I simply 
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assumed that any storm of 1.61" or greater would pro- 

duce an equal amount of suspended sediment. This 

assumption is probably the largest error-inducing 

underestimation of the study. 

Photo 25. Principal constituents of 
the Franciscan formation are corn- 
plexly faulted sandstones, shales, 
conglomerates and metasedimentary 
rocks. Rock units are highly frac- 
tured and easily eroded (March 1971). 
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5.  F u r t h e r ,  s t o r m s  under  1 .61"  w i l l  s t i l l  move a  

l a r g e  volume of  sed imen t  i n t o  Humboldt Bay. There  i s  

a b s o l u t e l y  no a c c o u n t i n g  of t h i s  q u a n t i t y  i n  t h e  a n n u a l  

e s t i m a t e .  

I n  s p i t e  o f  t h e  c o n s e r v a t i v e  n a t u r e  of  t h i s  s t u d y ,  

some p e r t i n e n t  g l a r i n g  f a c t s  do make t h e  h e a d l i n e s .  

1. A r e l i a b l e  s e d i m e n t - w a t e r  d i s c h a r g e  f a m i l y  o f  

c u r v e s  were  o b t a i n e d  f o r  t h e  sampl ing  s t a t i o n s  on 

Jacoby Creek ( F i g s .  1 0 ,  11, 1 2 ) .  

2 .  A more s o p h i s t i c a t e d  sys t em o f  p r e c i p i t a t i o n  

r e c o r d i n g  i s  n e c e s s a r y  t o  e n l i g h t e n  t h e  i n f l u e n c e  o f  

r a i n f a l l  on s t r e a m - f l o w  c h a r a c t e r i s t i c s .  

3 .  T u r b i d i t y  measurements  (ppm) were  found t o  have  . 

a h i g h  c o r r e l a t i o n  w i t h  suspended s e d i m e n t  c o n c e n t r a -  

t i o n  (mg/l)  . T h i s  i n f e r s  t h e  u s e  o f  t u r b i d i t y  measure-  

ments  t o  e s t i m a t e  suspended s e d i m e n t  c o n c e n t r a t i o n  

l e v e l s .  

4 .  A 1 . 6 1 "  s t o r m  measured  a t  Eureka  i s  c a p a b l e  o f  

t r a n s p o r t i n g  140C t o n s  (800.59 c u b i c  y a r d s )  o f  sus -  

pended sed imen t  i n t o  Humboldt Bay. T h i s  r e p r e s e n t s  a  

s o i l  l o s s  a t  t h e  r a t e  of  0.643"/100 y e a r s .  

5 .  Conver t ed  t o  t e rms  o f  p o t e n t i a l  d r e d g i n g  c o s t ,  

i t  i s  c o n c e i v a b l e  t h a t  a  c o s t  of  $ 1 2 , 7 3 2  c o u l d  b e  t h e  

a n n u a l  c o n t r i b u t i o n  of  Jacoby  Creek .  

6 .  Most i m p o r t a n t  i s  my c o n c l u s i o n  t h a t  t h i s  s e d i -  

ment y i e l d  i s  o b s c u r e d  by p a s t  t r e e  h a r v e s t  and r o a d  

c o n s t r u c t i o n  p r a c t i c e s ,  i . e . ,  t h e  moving o f  d i r t  a round  

I 



t h e  b a s i n  i n  c l o s e  p rox imi ty  t o  s t r eams  o r  s t e e p  

uncovered s l o p e s  above s t r eams .  P r e s e n t  a c t i v i t y  

cannot be i s o l a t e d ,  due t o  t h e  l a r g e  number o f  s l i d e s  

and slumps (Photo 25)  t h a t  occur  y e a r l y  i n  a r e a s  worked 

over  i n  the  p a s t  on t h e s e  h i g h l y  u n s t a b l e  s o i l s .  



LITERATURE CITED 

Boucher ,  P.  R .  1970.  Sediment  T r a n s p o r t  by S t reams  i n  t h e  
P a l o u s a  R i v e r  B a s i n ,  Washington and I d a h o ,  J u l y  1961- 
J u n e  1965.  U.S. Geol .  ~ u r v i  Water ~ u ~ ~ l ~ - ~ a ~ e r  1899-C. 
37 p .  

Brown 111, B i l l  and J .  R i t t e r .  1970 .  Sediment  T r a n s p o r t  
and T u r b i d i t y  i n  t h e  E e l  R i v e r  B a s i n ,  C a l i f .  U.S. Geo l .  
Surv .  Water Supply Paper 1986.  139 p .  

Co lby ,  B .  R .  1963.  F l u v i a l  s e d i m e n t s - - a  summary o f  s o u r c e ,  
t r a n s p o r t a t i o n ,  d e p o s i t i o n ,  and measurement of  s e d i m e n t  
d i s c h a r g e .  U.S. Geol .  Surv .  B u l l .  1181-A. p.Al-A47. 

Dixson ,  W .  J .  ( e d . ) .  1970.  Biomedica l  Computer Programs.  
Univ.  o f  C a l i f .  P r e s s ,  B e r k e l e y .  p .  233-255.  

E i n s t e i n ,  H .  A . ,  A .  G .  Anderson ,  and J .  M. J o h n s o n .  1940.  
A d i s t i n c t i o n  between bed l o a d  and s i lspended l o a d  i n  

"7 n a t u r a l  s t r e a m s .  ~ r a n s .  Am. Geophys. Union.  p .628-632 .  

F r e d r i k s e n ,  R .  L .  1970.  E r o s i o n  and S e d i m e n t a t i o n  f o l l o w -  
i n g  Road C o n s t r u c t i o n  and Timber H a r v e s t  on U n s t a b l e  
S o i l s  i n  t h r e e  s m a l l  w e s t e r n  Oregon Wate r sheds .  U.S. 
F o r e s t  S e r v i c e ,  P a c i f i c  Nor thwest  F o r e s t  and Range 
Exper iment  S t a t i o n .  16 p .  

Guy, H .  P .  1 9 6 5 .  R e s i d e n t i a l  C o n s t r u c t i o n  and Sed imen ta -  
t i o n  a t  Kens ing ton ,  Md., p . 3 3 - 3 4 .  I n :  P r o c e e d i n g s  of 
t h e  F e d e r a l  In t r a -Agency  S e d i m e n t a t i o n  Confe rence  1963.  
U.S .  Dep. Agr.  blisc. P u b l .  970.  

H a r r i s ,  D .  D .  and R .  C .  W i l l i a m s .  1971.  S t r eamf low,  S e d i -  
m e n t - T r a n s p o r t ,  and Water -Tempera ture  C h a r a c t e r i s t i c s  o f  
t h r e e  Smal l  Watershzds i n  t h e  A l s e a  R i v e r  B a s i n ,  Oregon. 
U.S. Dep. I n t .  Geol .  Surv .  C i r c .  642. 2 1  p .  

Hawley, N .  L .  and B .  L .  J o n e s .  1969.  Sediment  Y i e l d  o f  
C o a s t a l  Bas ins  i n  Nor the rn  C a l i f o r n i a  1958-64.  U.S. 
Geol .  S u r v .  O p e n - f i l e  r e p o r t .  19 p .  

H e w l e t t ,  J .  and I\'. N u t t e r .  1959.  An O u t l i n e  of  F o r e s t  
Hydrology.  Univ.  of  Georg ia  P r e s s ,  A thens .  p .109-110 .  

J o h n s o n ,  Wi l l i am.  1969.  Unpubl i shed  Watershed  A n a l y s i s  
Da ta  f o r  Jacoby  Creek .  Humboldt S t a t e  C o l l e g e ,  Dept .  o f  
Watershed  Management. A r c a t a ,  C a l i f o r n i a .  



1 0.3, 

Knott, J. b I .  1969. Interim Report on Streamflow and Sedi- ' 
ment Discharge in the Columa Creek Basin, Calif. U.S. 

I Geol. Surv. Open-file report. 24 p. 

I '  . 1971. Sedimentation in the lliddle Fork Eel 
River Basin, Calif. U.S. Geol. Surv. Open-file report. 

Kroll, C. G. and G. Porterfield. 1969. Preliminary Deter- 
minations of Sediment Discharge San Juan Drainage Basin, 
Orange and Riverside Counties, Calif. U.S. Geol. Surv. 
Open-file report. 28 p. 

Moore, Joe. 1969. Effects on Watershed Changes on Water 
Quality. In: Effects of Watershed Changes on Stream- 
flow, fed.) by M. L. Fioore and C. Morgan. Water 
Resources Number Two. Univ. of Texas Press, Austin. 
p.8-9. 

Morisawa, Marie. 1968. Streams, Their Dynamics and 
biorphology. IIcGraw-Hill, New York, N.Y. 175 p. 

Ritter, J. R. 1968. Changes in the Channel ?Iorphology of 
Trinity River and eight tributaries, California, 1961- 
65. 6 0 p .  

Snedecor, G. W. and W. G. Cochran. 1968. Statistical 
Methods. 6th edition. The Iowa State Univ. Press, 
Ames. p.432-436. 

Bureau of Reclamation. 1970. Notes on Sedimentation 
Activities, Calendar Year 1969. U.S. Government Print- 
ing Office, Washington, D.C. 207 p. 

, 1971. Notes on Sedimentation Activities, Calen- 
dar Year 1970. U.S. Government Printing Office, 
IVashington, D.C. 208 p. 

Environmental Science Services Administration, U.S. Dep: 
Comm. 1969-1970. Local Climatological Data, Eureka, 
Calif. Looseleaf n.p. 

. 1970-1971. Local Climatological Data, Eureka, 
Calif. Looseleaf n.p. 

I U.S. Geol. Surv. Water Supply Paper 1866-8. 1970. Floods 
of December 1964 and January 1965 in the Far western 
States, Part 2, Streamflow and Sediment Data. p . 4 0 0 .  

Inter-Agency Committee on Water Resources; Sub-committee on 
Sedimentation. 1963. Report No. 14, Determination of 
Fluvial Sediment Discharge. U.S. Govt. Printing Office, 
Ivashington, D.C. pp.23-42, 116-139. 



Wilson ,  Lee. 1971,  Comnents on ' P o s s i b l e  E f f e c t s  of P r e -  
c i p i t a t i o n  h i o d i f i c a t i o n  on St ream C h a ~ n e l  Geometry and 
Sediment  Y i e l d '  b y  A .  Rango.  I n :  Water Resources  
Resea rch .  7 ( 5 )  : 1365.  



APPENDIX 



MINOR SAhiI'LING POINTS 

Symbol e x p l a n a t i o n s  a r e :  T ,  t e m p e r a t u r e ;  
Q ,  d i s c h a r g e ;  SSS, suspended  s e d i m e n t  s ample .  

L a s t  Fork 3 :  N W / 4 ,  Slh1/4, S e c t i o n  32 ,  TSN, R 2 E ,  
HBM. T h i s  s t a t i o n  was l o c a t e d  100 y a r d s  downstream 
from t h e  j u n c t i o n  o f  L a s t  Fork 1 (L' .F.  1 )  and L a s t  
Fork 2 (L .F .  2 ) .  A c t i n g  on a d v i c e  fsom my commit- 
t e e ,  t h i s  s t a t i o n  was agandoned i n  ~ e b r u a r y ,  a s  no  
new o r  d e s i r a b l e  e v i d e n c e  was b e i n g  p r o c u r e d .  
Q ,  T ,  SSS. 

L a s t  B r i d ~ e  A :  1<2,/4, XE/4, S e c t i o n  3 1 ,  T S N ,  
--J 

R Z E ,  HBM. 'i 'his sampling s t a t i c n  c o l l e c t s  d a t a  f rom 
a  1 . 9 5  s q u a r e  m i l e  d r a i n a g e  u n i t  w h i c h ,  l i k e  L.F.  1 
and 2 h a s  a  h i s t o r y  o f  l o g g i n g .  L i m i t e d  i n f c r m a -  
t i o n  was o b t a i n e d  a t  t h i s  p o i n t .  

D i r t  B r i d g e :  SE/4,  SE/4 ,  S e c t i o n  3 3 ,  TSN, R2E, 
HSM. T h i s  t r i - b u t a r y  s l o p e s  f rom t h e  n o r t h  and i s  
l o c a t e d  b e t w - e n  L . B .  and  Gaging S t a .  

Up S l i d e  and  Down S l i d e :  Nh"J4, SlV/4, Sec -  
t i o n  2 4 ,  T5N, R l E ,  IiBh1. I t  was d e c i d e d  t o  c o l l e c t  
d a t a  b o t h  up and  down s t r e a m  f rom t h i s  t remendous  
g r a v e l  and  mud s l i d e  when i n s p e c t i o n  i n d i c a t e d  t h i s  
a s  a  ma jo r  s o u r c e  o f  s e d i m e n t  p r o d u c t i v i t y  d u r i n g  
h i g h  f l o w s .  

Quar ry  B r i d g e :  SW/4, NW/4, S e c t i o n  2 4 ,  TSN, 
R l E ,  HBM.  T h i s  i s  t h e  l a s t  m a j o r  t r i b u t a r y  c a s c a d -  
i n g - s o u t h w a r d  i n t o  t h e  main s tEeam channe l - .  I t  i s  
l o c a t e d  j u s t  downstream f rom t h e  s l i d e  a r e a .  

Smart  P r o p e r t y :  SE/4 ,  SW/4, S e c t i o n  11, TSN, 
R l E ,  HBM. ~ o c a t e d  a t  t h e  j u n c t i o n  of  S i r k p a t r i c k -  
Quar ry  Road and J a c o b y  C r e e k ,  Smar t  P r o p e r t y  i s  
midway be tween  Gaging S t a .  and  Highway 1 0 1 .  
Q ,  T ,  SSS. 



SPNCO-OW 

DEPARTMENT OF THE ARMY 
S A N  FRANCISCO DISTRICT. CORPS O F  E N G I N E E R S  

100 McALLlSf ER STREET 
S A N  FRANCISCO. CALIFORNIA 94102 

1 1  May 1971 

Mr .  Norman I-I. P i  1 l sbury  
School o f  Natura l  Resources 
Humboldt S ta te  Col lege 
Arcata, C a l i f o r n i a  95521 

Dear Ms. P i 1  lsbury:  

Reference i s  made t o  your l e t t e r  o f  20 A p r i l  1971 request ing dredging 
cos ts  and volumes w i t h i n  Humboldt Bay f o r  the pas t  few years. The 
f o l l o w i n g  t a b l e  r e f l e c t s  o n l y  the work conducted by the Corps and i s  
l i s t e d  by f i s c a l  year: 

CofE Dredging Wi th in  Humboldt Bay 

Quant i t y  
F i s c a l  Year (cub ic  ~a rds) - Cost 

1971 51,300 $ 81,500 

S incere ly  yours, 

D i s t r i c t  Engineer 

VlNTON L R4THBURN 
LTC CE 
D ~ P U ~ '  District Engineer 

Keep Freedom in Your Future With U.S. Savin'~ Ban& 



LAST FORK 1 STATION DATA 

Suspended A n t e c e d e n t  
Water Sediment  Water P r e c i p i t a t i o n  Sediment  

T u r b i d i t y  C o n c e n t r a t i o n  D i s c h a r g e  Index  D i s c h a r g e  
Date  (1971) ( P P ~ )  (mg/l> ( c f s )  (Pa i n  i n c h e s )  ( l b s / h r / s q  . m i .  ) 

J a n .  23 
Feb. 20 
Feb. 24 
blar. 5 
Mar. 6 
Mar. 1 2  
Mar. 1 3  
Mar. 20 
Mar.22 
Mar. 2 2  
Mar. 2 2  
Mar. 23 
Mar. 2 3  
Mar. 23 
Mar. 2 4  
Mar. 24 
Mar.27 
Apr. 3 



LAST FORK 2 STATION DATA 

Suspended Antecedent 
Water Sediment Water Precipitation Sediment 

Turbidity Concentration Discharge Index Discharge 
Date (1971) (PP~) (mg/'l) (cf s ) (Pa in inches) (lbs/hr/sq.mi. ) 

Feb. 20 5.00 
Feb.24 39.00 
Mar. 5 16.50 
Mar. 6 5.00 
Mar. 12 31.00 
Mar. 13 21.00 
Mar. 20 8.00 
Mar.22 11:25 a.m. 5.00 
Mar.22 4:05 p.m. 222.00 
Mar.22 8:35 p.m. 35.00 
Mar.23 10:05 a.m. 12.00 
Mar.23 3:30p.m. 310.00 
Mar.23-4 11:05 p.m. 29.00 
Mar.24 12:30 p.m. 19.00 
Mar.24 4:15 p.m. 15.00 
Mar. 27 18.50 
Apr. 3 7.50 



LAST BRIDGE STATION DATA 

Suspended Antecedent 
Water Sediment Water Precipitation Sediment 

Turbidity Concentration Discharge Index Discharge 
Date (1971) (PP~) (mg/l) (cfs) (Pa in inches) (lbs/hr/sq.mi.) 

Jan. 23 7.50 18.96 14.87 0.05 16.04 
Feb.  7 3.00 0.00 12.33 0.50 0.00 
Feb. 20 4.00 0.00 11.17 0.50 0.00 
Feb.  24 40.00 72.39 51.37 1.42 211.56 
Mar. 5 14. SO 22.64 48.25 0.92 62.16 
Mar. 12 65.00 185.84 116.72 2.98 1234.02 
h4ar.13 29.00 68.04 53.47 2.48 206.97 
Mar .20 9.50 0.00 16.15 1.33 O.GO 
Mar.22 11:40 a.m. 18.50 8.43 15.54* 1.40 7.45 
Mar.22 4:05 p.m. 114.00 159.19 182.49 2.21 1652.69 
Mar.22 9:00 p.m. 75.00 99.12 63.29 3.35 356.39 
Mar.23 10:20 a.m. 23.50 49.49 45.13 2.19 127.06 
Mar.23 3:45 p.m. 135.00 390.07 124.36 2.38 2759.68 
Mar.23-4 11:15 p.m. 36.00 100.54 64.10 2.40 366.63 
Mar.24 12:35 p.m. 26.00 57.59 48.92 1.89 160.28 
Mar.24 4:30 p.m. 25.00 52.98 47.40 1.86 142.87 
Mar.27 30.00 9.67 54.99 2.30 30.25 
Apr. 3 8.00 31.02 24.60 0.88 43.41 

* 
P r e d i c t e d  va lues .  



GAGING STATION DATA 

Suspended Antecedent 
Water Sediment Water Precipitation Sediment Stage 

Turbidity Concentration Discharge Index Discharge Height 
Date (1971) ( P P ~ )  (mg/ 1) (cfs) (Pa in inches) (lbs/hr/sq.mi) (in ft.) 

Jan. 31 2.00 
Feb. 13 2.50 
Feb. 20 5.00 
Feb. 24 39.00 
Mar. 5 13.00 
Mar. 6 4.00 
Mar.12 153.00 
Mar. 13 35.00 
Mar.20 . 7.50 
Mar.22 12:05 p.m. 8.00 
Mar.22 4:30 p.m. 90.00 
bIar.22 9:25 p.m. 65.00 
Mar.23 10:30 a.m. 25.00 
Mar.23 4:00 p.m. 155.00 
Mar.23-4 1:30 a.m. 51.00 
Mar.24 12:25 p.m. 28.00 
Mar.24 4:45 p.m. 26.00 
Mar.27 29.00 
Apr. 3 9.50 

* 
Predicted values. 

F Falling s tage.  
R Rising stage. 



MORRISON GULCH STATION DATA 

Suspended A n t e c e d e n t  
Water Sediment Water Precipitation Sediment 

Turbidity Concentration Discharge Index Discharge  
Date (1971) ( P P ~ )  (mg/lj (cfs) (Pa in i nches )  (lbs/hr/sq .mi. ) 

Jan. 31 
Feb. 7 
Feb. 13 
Feb. 20 
Feb. 24 
Mar. 5 
Mar. 12 
Mar. 20 
Mar.22 1 2 ~ 3 5  p.m. 
Mar.22 10:20 p.m. 
Mar.23 11:OO a.m. 
Mar.23 4:20 p.m. 
Mar.23-4 1:45 a.m. 
Mar.24 1:15 p.m. 
Mar.24 5:20 p.m. 
Mar.27 
Apr. 3 



HIGHWAY 101 STATION DATA 

Suspended Antecedent 
Water Sediment Water Precipitation Sediment 

Turbidity Concentration Discharge Index Discharge 
Date (1971) (PP~) (ms/l) (cfs) (Pa in inches) (lbs/hr/sq .mi. ) 

Jan. 31 
Feb. 7 
Feb. 13 
Feb.20 
Feb. 24 
Mar. 5 
Mar. 6 
Mar. 12 
Mar.13 
Mar.20 
Mar.22 
Mar. 22 
Mar. 22 
Mar. 23 
Mar.23 
Mar.23 
Mar .24 
Mar. 2 4 
Mar. 27 
Apr. 3 

1:15 p.m. 
5:10 p.m. 

10:30 p.m. 
11:15 a.m. 
5:40 p.m. 

4 2:00 a.m. 
1:30 p.m. 
5:50 p.m. 
12:OO noon 

* 
Predicted values. 

t-' 

' 9  .w 
' 


